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© High speed bottle washing machine and nozzle spray assembly. 

© A high-speed bottle washing machine pro- 
vides concurrent rotational motion to a work- 
piece as it is conveyed through a washing 
treatment zone for internal and external spray 
treatments. The machine comprises a plurality 
of moving bottle receiving stations for sequen- 
tially receiving and rotating inverted bottles 
received from a bottle infeed conveyor, a 
plurality of reciprocating spray nozzles, with at 
least one spray nozzle moving with each bottle 
receiving station, wherein each of the spray 
nozzles reciprocates from a first position below 
the inverted bottles, to a second position within 
the bottles, and a manifold assembly for se- 
quentially supplying a caustic wash fluid under 
pressure to each of the plurality of spray 
nozzles to clean the bottles by impingement of 
the wash fluid in a predetermined pattern within 
the bottles as the bottles are rotated. The 
washed bottles are finally discharged at a bottle 
outfeed conveyor. 
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The present invention relates generally to auto- 
matic high-speed bottle washer and spraying sys- 
tems. More particularly, the present invention is di- 
rected to an automatic high-speed bottle washing 
machine for washing and sanitizing plastic returnable 
bottles (PRB) and a spray nozzle and orifice assem- 
bly. The novel spray nozzle assembly of the present 
invention is designed to discharge highly directional 
pressurized jets of cleaning fluid such that, when 
positioned in an inverted rotatable bottle, maximum 
cleansing of the bottle or container is accomplished. 

The manufacture of returnable and refillable bot- 
tles has become widespread in both the glass and 
plastic bottling industries. Many countries have man- 
dated their use in an effort to conserve energy and to 
keep raw material consumption to a minimum. Fur- 
thermore, commercially viable, refillable bottles and 
containers not only conserve energy, but help to re- 
duce land-fill and recycling problems usually associ- 
ated with disposable type plastic and glass bottles 
and containers. One industry in particular where the 
desirability of utilizing plastic reusable and refillable 
bottles (PRB's) is increasing, is in the soft drink bev- 
erage industry. 

To be commercially viable as a refillable bottle for 
soft drink beverages, the PRB must retain its aesthet- 
ic and functional qualities over a minimum often and 
preferably over twenty cycles or "trips" in its lifetime. 
A typical cycle that a ret urnable/refi liable plastic bot- 
tle goes through has been described in numerous pa- 
tents and technical articles. For instance, U.S. Patent 
No. 4,725,464 to Collette, describes a cycle as com- 
prising: 1) an empty caustic wash followed by 2) con- 
taminant inspection and product filling/capping, 3) 
warehouse storage, 4) distribution to wholesale and 
retail locations, and 5) purchase, use, and empty stor- 
age by the consumer followed by eventual return to 
the bottler. Presently, plastic beverage bottles made 
of polyesters, such as polyethylene terephthalate 
(PET) and copolymers thereof, acrylonitrile, and 
polycarbonate have the requisite physical and aes- 
thetic qualities most desirable for producing refillable 
plastic containers. As is well known in the art, PET of- 
fers the best balance of properties and, cost and per- 
formance ratios. 

While the plastic bottling industry has made 
great strides in obviating the problems associated 
with cleaning and washing of the PRBs during a typ- 
ical cycle, problems stilt exist with currently existing 
bottle washing machines. For instance, many of the 
existing machines for washing plastic returnable bot- 
tle (PRB) include one or more pre-treatment steps be- 
fore carrying out an internal and/or external spray 
treatment One such washing machine described in 
U.S. Patent No. 4,154,624 provides for the pre-treat- 
ing of the PRB by soaking each bottle in a water pre- 
sof tening bath or caustic solution pre-softening bath. 
The goal of pretreating each bottle is to remove 



coarse soils and residues from the beverages or 
products. Often these pre-softening steps are time- 
consuming and reduce the throughput desirable in 
high-output automatic PRB washing machines. In ad- 

5 dition, the pre-softening treatment with high- 
temperature baths may cause premature shrinkage 
of the PRB, or induce stress crack failure in non-ori- 
ented portions of the bottle. 

After pretreating, the PRB's are usually con- 
to veyed to an in-line or rotary carrier where they are 
held in place and subject to additional various exter- 
nal and internal spraying by additional detergents, air, 
and water. U.S. Patent 4,125,120 discloses an inline 
conveyor system for washing light weight plastic bot- 

15 ties with a plurality of insertable spray wands. A con- 
veyor advances in a stepwise manner and an entire 
manifold of nozzles is elevated by a pair of hydraulic 
cylinders attached to lift bars. U.S. Patent 4,080,974 
discloses an inline conveyor having a plurality of bot- 

20 tie carriers which receive the bottles in an inverted 
position and which are equipped with a plurality of 
moving spray nozzles which accompany, but which 
are not inserted in the bottle, along a portion of its 
travel for spraying and rinsing. 

25 U.S. Patent 3,226,757 and European Patents 0 

265,343 and 2 607,127 disclose a bottle cleaning ma- 
chine which uses a mechanism for inverting the bot- 
tles for placement into a plurality of bottle carriers and 
insertable wands for blowing or rinsing the bottles. 

30 U.S. Patent 5,1 35,014 discloses a bottle washer with 
multiple size carriers having a sorting mechanism, a 
device for inverting the bottles, an inline carrier hav- 
ing a plurality of bottle carriers with a holddown 
means for adjusting the carrier to various sized bot- 

35 ties, and interior and exterior spray nozzles for clean- 
ing the interior and exterior of the bottles. A spray noz- 
zle is inserted inside the bottle, although it does not 
move with the bottle. The conveyor is advanced step 
wise on an intermittent basis and a plurality of nozzles 

40 are inserted into the bottles at each step. U.S. Patent 
3,534,749 discloses a rotating turntable having a 
plurality of bottle holding stations which are posi- 
tioned above the spray nozzles. As the containers are 
rotated inside the spray cabinet, they are subject to 

45 both interior and exterior sprays for cleaning. 

One problem associated with current soaking and 
spray washing machines is that many bottles are sub- 
ject to stress crack failure by reason of the combina- 
tion of the high temperature wash solution, the caus- 

50 tic nature of the solution, and the way they are han- 
dled. Other automated bottle washing systems pro- 
vide mechanisms for handling containers, for exam- 
ple, by cradle (U.S. Patent No. 4,080,974), or by bas- 
ket (U.S. Patent No. 4,1 54,624), as the bottles are be- 

55 ing conveyed or transferred through the wash treat- 
ment Both scuffing and stress crack failure occur in 
these mechanisms as the bottles rub or brush against 
each other or against the holders or cages in which 
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they are transported. 

Other prior art bottle washing machines which 
provides for the rotation of the bottles as they are be- 
ing cleaned include U.S. Patent 4,461 ,054 which dis- 
closes a device for rotating and cleaning containers 5 
with particulate matter by inserting a spray nozzle into 
bottles as they are rotated. During the cleaning oper- 
ation the bottles are reciprocated downwardly into the 
containers for the cleaning step. Similarly, U.S. Pa- 
tent 4,1 33,340 discloses a rotating turntable for rotat- 10 
ing a workpiece which is cleaned on the inside with 
spray nozzle having a plurality of orifices of and on 
the outside by spray nozzles placed on wands. In both 
of these references there is no movement of the ro- 
tating bottle. 15 

Several other types of bottle washing systems 
use vertical carousels that are adapted to be connect- 
ed to inline conveyors. U.S. Patents 4,944,810 and 
4,834,123 disclose vertical carousels having paddles 
which engage the lower portion of the bottle and urge 20 
it inwardly over a spray nozzle for cleaning. U.S. Pa- 
tent 3,302,655 discloses a similar concept without the 
nozzle penetration, but including exterior washing of 
the bottle with nozzles. 

Current nozzle systems for spraying the inside of 25 
bottles come in a variety of configurations. The most 
common design comprises an elongated tube or con- 
duit that supports a nozzle spray head having one or 
more discharge apertures or orifices. Typically, this 
spray nozzle is inserted in a bottle which is usually 30 
held in an inverted position. Water, air, and detergents 
individually or in various combinations, are dis- 
charged from the nozzle spray head orifices to clean 
and rinse the bottle before refilling it with a beverage 
product. Representative of the above described com- 35 
mon design are the spray nozzle systems disclosed 
in U.S. Patent Nos. 2,227,734 and 4,099,674 which 
describes reciprocating spray nozzles that move up 
and down within a stationary bottle, that is moved in- 
termittently, to spray jets of fluid therein. In U.S. Pa- 40 
tent No. 4,099,674, the nozzle head has an annular 
lateral aperture for discharging a 360° flat spray 
against the bottle sidewall and has a central dis- 
charge orifice at the head of the nozzle for discharg- 
ing a cylindrical stream at the bottom portion of the 45 
bottle. In U.S. Patent No. 2,227,734, the spray nozzle 
includes three longitudinally positioned orifices. 

A different concept for spraying the inside of bot- 
tles is described in U.S. Patent Nos. 1,652,599 and 
5,092,356. These spray nozzle systems do not pro- so 
vide for the spray nozzle to be inserted within the con- 
fines of an invertedly positioned bottle, but instead 
use a fluid delivery pipe having a nozzle unit with a 
discharge bore that is oblique or perpendicular to the 
axis of the pipe. In U.S. Patent 5,092,356, the pipe 55 
and nozzle unit rotates, with spray jets issuing from 
the discharge bore form a surface of a shallow cone. 
Thus, the spray jets impinge solely on the bottle side- 



wall and only reach the bottom of the bottle by deflec- 
tion. 

In all of these nozzle systems, the bores forming 
the discharge apertures are short-throw compared to 
the size of the orifices, and result in fluid jets that are 
largely unfocused and not well defined. Moreover, 
these systems do not contemplate or provide for the 
rotation of the inverted bottle which helps to increase 
the cleaning effectiveness in high speed bottle clean- 
ing operations. 

U.S. Patent Nos. 3,536,263 and 5,125,425 both 
disclose spray nozzles which produce high energy 
jets which loosens and detaches particular matter 
struck by the jet. 

U.S. Patent Nos. 2,925,224 and 4,828,178 both 
disclose extremely small nozzle orifices, but neither 
of these references disclose an elongated bore of 
small diameter. 

U.S. Patent No. 4,828,178 discloses the use of 
Electron Discharge Machining for forming a spray 
disk, but not for forming an elongated bore of small di- 
ameter. 

Furthermore, the fluids issuing from discharge 
orifices found in current spray nozzle systems cannot 
effectively clean the difficult to reach bottom portions 
of a bottle interior, for e.g., the annular seating ring 
portion of a Champagne type bottle, without some 
sort of pretreatment bath or other cleansing steps 
which are time consuming and not cost effective. 
Thus, in these designs, effective cleaning depends 
primarily on the chemistry of the fluids discharged 
rather than by mechanical impingement. 

In view of the above-mentioned limitations and 
disadvantages of the bottle handling devices found in 
current automated bottle washers, there is according- 
ly a need to provide an apparatus for holding and ro- 
tating bottles or containers in a manner that minimiz- 
es the thermal stress in the neck areas and scuffing 
of the shoulder base regions and that does not require 
any sort of retaining or locking means. 

Further, a nozzle spray system that provides for 
the rotation of an inverted bottle while being sprayed 
with fluid jets would be highly desirable for increasing 
the cleaning effectiveness in high speed bottle clean- 
ing operations. Additionally, a spray nozzle system 
having elongated microbores with small discharge or- 
ifices that will discharge fluid streams in oriented and 
well defined paths would be extremely desirable. 

Furthermore, it would be highly desirable for a 
high-speed bottle washing machine to provide for a 
spray nozzle that discharges fluid jets in a predeter- 
mined pattern such that when in combination with a 
rotating bottle, hard to reach soils accumulated at the 
bottom of a bottle can be effectively cleaned in short- 
er periods of time. Moreover, it would be highly desir- 
able to provide for a high-speed bottle washing ma- 
chine with moving bottle carriers and wash nozzles 
which are inserted as the bottle is rotated and moved 



5 



EP 0 634 230 A1 



6 



and furthermore, one that performs the process of 
washing a PET bottle in a 20 second cycle with ag- 
gressive mechanical impingement of a caustic wash 
solution. 

Accordingly, an object of the present invention is 
to provide for a high-speed bottle washing machine 
that utilizes in-line handling and positive control of the 
bottles in a rotary washer which will wash at higher 
speeds by the use of spray impingement in which spe- 
cially designed spray nozzles are inserted into rotat- 
ing bottles to clean in a fraction of the time required 
by prior art devices. 

To this end, another object of the instant invention 
is to provide a high speed bottle washing machine 
that includes a bottle handling apparatus that can 
provide axial rotational motion to the bottle such that, 
when its interior is subject to a cleaning fluid spray 
from a specially configured spray nozzle, a more pre- 
cise and effective chemical and mechanical cleaning 
of the interior of the bottle is accomplished. 

Yet still another object of the instant invention is 
to provide a high-speed plastic returnable bottle 
washing machine which provides for improved plastic 
returnable bottle life by reducing scuffing, reducing 
stress cracking, reducing shrinkage, and reducing 
contact time with high temperature washing deter- 
gents. The washing machine improves plastic return- 
able bottle operating efficiency by increasing the 
average number of returns for each bottle, and ena- 
bling operation with different size bottles. 

Additionally, an object of the present invention is 
to provide a high-speed bottle washing machine that 
reduces costs associated with washing by improving 
line efficiency, reducing floor area, chemical costs, 
and utility costs. 

In accordance with the teachings herein, the 
present invention provides for a high-speed bottle 
washing machine that comprises a plurality of moving 
bottle receiving stations for sequentially receiving 
and rotating inverted bottles received from a bottle 
infeed conveyor, a plurality of reciprocating spray 
nozzles, with at least one spray nozzle moving with 
each bottle receiving station, wherein each of the 
spray nozzles reciprocates from a first position below 
the inverted bottles, to a second position within the 
bottles, and a manifold assembly for sequentially 
supplying a caustic wash fluid under pressure to each 
of the plurality of spray nozzles to clean the bottles 
by impingement of the wash fluid in a predetermined 
pattern within the bottles as the bottles are rotated. 
The washed bottles are finally discharged at a bottle 
outfeed conveyor. 

Still another object of this invention is to provide 
for a bottle holding and rotating device that engages 
an invertedly positioned plastic returnable bottle in a 
manner so as to provide support at three points of 
contact, while simultaneously providing bottle rota- 
tion. 



Yet still another object of this invention is to pro- 
vide a high speed bottle washing machine that in- 
cludes a specially designed spray nozzle assembly 
for cleaning the interior of each bottle and which dis- 

5 charges jets of fluids in a unique pattern, such that in 
combination with the rotation of the bottle, effective 
cleaning by a combination of chemical dissolution and 
mechanical impingement is accomplished. To this 
end, another object of this invention is to provide a 

10 nozzle spray and orifice assembly that discharges 
jets of pressurized cleaning fluid within the rotatable 
invertedly positioned bottle, wherein the fluid jets co- 
operate with the rotation of the bottle to mechanically 
peel off layers of beverage product film and residue 

15 located at the bottom inner surface of the bottle. 

Still yet another object of this invention to provide 
a high-speed bottle washing machine that provides a 
spray nozzle and orifice assembly having a plurality 
of elongated microbores with discharge orifices that 

20 are arranged in a predetermined staggered or spaced 
apart pattern. 

Furthermore, an object of this invention is to pro- 
vide a nozzle spray and orifice assembly that is pro- 
vided with elongated microbores having an elongated 

25 length to diameter ratio to ensure that fluids under 
pressure exit each corresponding discharge orifice in 
a focused, well-defined path. 

Yet still another object of this invention is to pro- 
vide a nozzle spray and orifice assembly that is used 

30 in a high-speed bottle washing machine wherein the 
cleaning of the internal bottom surface of the bottle 
is accomplished in less than 20 seconds, and prefer- 
ably within 16 seconds. 

Yet still another object of the present invention is 

35 to provide a high-speed bottle washing machine that 
includes a manifold and valve block assembly de- 
signed particularly for plastic returnable bottles. The 
manifold and valve block assembly sequentially sup- 
plying under pressure a plurality of different cleans- 

40 ing and sanitizing solutions, and also air for residual 
fluid removal and drying, to the spray nozzle assem- 
bly positioned within the rotationally driven bottle be- 
ing cleaned, and also optionally to spray nozzles posi- 
tioned externally of the bottle. The spray nozzle as- 

45 sembly is mounted on a lance having a piston which 
is driven by the different fluids between a fully re- 
tracted position within the valve block assembly and 
a fully extended position in which the spray nozzle is 
positioned within a bottle being cleaned. 

so Yet another object of the present invention is to 

provide a high-speed bottle washing machine having 
a manifold and valve assembly in which a plurality of 
valves are mounted in the valve block housing for 
supplying a plurality of spray fluids to a common 

55 manifold which provides a fluid passage to a central 
fluid flow passageway of the lance for the fluids to be 
sequentially sprayed through the nozzle. In addition, 
a static air supply valve supplies static air under pres- 
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sure to the top of the piston when the lance is in a fully 
extended position, to drive the lance downwardly to 
its retracted position. A static dump valve is actuated 
simultaneously with the static air supply valve which 
allows, as the lance is driven downwardly by the static 
air under pressure, any fluid in the drive cylinder to be 
evacuated therefrom into a collection trough posi- 
tioned there beneath. 

Still another object of the present invention to 
provide a mechanical and electronic control system 
for a high-speed bottle washing machine designed 
particularly for plastic returnable bottles. The control 
system automatically regulates each process of the 
wash spraying system, namely, sequentially feeding 
bottles from an infeed conveyor means, inverting 
them by a worm/inverter means, receiving and simul- 
taneously rotating each bottle in an inverted position 
through a plurality of washing, neutralizing and sani- 
tizing treatment zones, and inverting each bottle to 
the original neck-up orientation by an egress 
worm/inverter means and finally conveying them as 
a cleaned and sanitized bottle to another area for 
product refilling. The control system provides a plur- 
ality of treatment zones for the respective treatment 
by high-temperature caustic wash solutions, neutral- 
izing solutions and sanitizing solutions, in addition to 
residual fluid removal and air drying fluids. The con- 
trol system also actuates spray nozzles initially posi- 
tioned externally of the bottle which are then driven 
into each bottle being cleaned. 

During the entire process, an electronic program- 
mable logic controller maintains, manages, and con- 
trols all pumps, valves, solenoids, and drive motor 
speeds as required by the process, and also provides 
for monitoring and adjusting fluid levels, alkalini- 
ty/ acidity concentrations, and temperature of the re- 
circulated wash solution. A machine operator or at- 
tendant may view from a centrally located operator in- 
terface, all of the above present machine operating 
and process parameters. Any alarm conditions that 
may present themselves during the process are dis- 
played and will prompt for human intervention, inter- 
action, or acknowledgement. Such alarm conditions 
are: out of range; fluid flow, temperature, pressure, 
conductivity and/or pH, fluid levels, carousel and bot- 
tle RPM, and will include specialized checks for clog- 
ged spray nozzles, and out of position fluid lances. 

The foregoing objects and advantages of the 
present invention may be more readily understood by 
one skilled in the art with reference being had to the 
following detailed description of several preferred em- 
bodiments thereof, taken in conjunction with the ac- 
companying drawings wherein like elements are des- 
ignated by identical reference numerals throughout 
the several views, and in which: 

Figure 1 illustrates a top plan view of the prefer- 
red embodiment of the automatic high-speed bot- 
tle washing and sanitizing machine of the present 



invention; 

Figure 2 is an elevational view of the automatic 
high speed bottle washing and sanitizing ma- 
chine showing the rotary union and fluid supply 
5 lines leading to the manifold and valve block as- 

sembly of the washer carousel of the present in- 
vention; 

Figure 3 illustrates the timing cycles of the two 
carousels, including in the wash carousel, a lead- 

10 in lance raise cycle (arc), an alkaline wash cycle, 

a neutralize rinse cycle, and a lower lance cycle, 
and in the sanitize carousel, a lead-in lance raise 
cycle, a sanitize rinse cycle, a terminal rinse cy- 
cle, and a lower lance cycle; 

15 Figure 4 is an enlarged partial sectional view of 

the wash carousel shown in fig 2, and illustrates 
control cams simultaneously actuating a static 
air valve and a static air dump valve, the fluid flow 
conduits in the machine, and also a wash reda- 

20 mation trough positioned beneath the first wash 

carousel; 

Figure 5(a) illustrates a side view of a PRB hold- 
ing station shown gripping a 1 .5 liter PRB and in- 
cluding a section of the manifold and valve block 
25 assembly for the sanitizing carousel having sev- 

eral annular supply manifolds for supplying fluids 
to the valves, and also illustrates a sectional view 
through and the operation of two of the supply 
valves; 

30 Figure 5(b) illustrates a front view of a PRB hold- 

ing station shown gripping a 0.5 liter PRB and in- 
cluding the manifold and valve block assembly 
for the sanitizing carousel; 
Figure 5(c) illustrates a front view of a PRB hold- 

35 ing station shown gripping a 2.0 liter PRB and in- 

cluding the manifold and valve block assembly 
for the sanitizing carousel; 
Figure 5(d) is a detailed side view of a PRB hold- 
ing station shown gripping a 0.75 liter PRB and in- 

40 eluding details of the drive cylinder and the lance 

positioned within the drive cylinder, and several 
cam operated valves for supplying various sani- 
tizing and cleansing fluids and air to the lance; 
Figure 5(e) illustrates a front view of a PRB hold- 

45 ing station shown gripping a 2.0 liter PRB and in- 

cluding the manifold and valve block assembly 
for the washing carousel; 
Figure 6 is a view of the periphery of the wash 
carousel showing a PR bottle station including a 

so bottle holder and rotating device holding a PRB 

in an inverted position with a spray lance and noz- 
zle fully extended within the confines of the bot- 
tle; 

Figure 7 illustrates a sectional view through one 
55 of the static air three-way valves when the valve 

is in a closed position; and 
Figure 8 illustrates a sectional view similar to that 
of Figure 7 when the static air three-way valve is 
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actuated to an open position; 
Figure 9 is a detailed side view of the bottle hold- 
er and rotating apparatus shown gripping a bottle 
in an inverted position; 

Figure 10 is an overhead view taken along line 5 
10-1 0 of Figure 9 of the bottle holder and rotating 
apparatus of the instant invention; 
Figure 11 is an overhead view of a portion of the 
wash carousel of the high-speed bottle washing 
machine having a motor drive means for impart- 10 
ing rotation to a bottle held by the bottle holder 
and rotating apparatus of the present invention; 
Figure 12 is a detailed view of a section of the 
wash carousel illustrating the transfer of bottles 
to and from respective bottle holder and rotating is 
apparatuses of the present invention; 
Figure 13(a) is a piping and instrumentation dia- 
gram of the high-speed bottle washing machine 
of the present invention showing the system com- 
ponents that are monitored and controlled by the 20 
programmable logic controller (PLC); 
Figure 13(b) illustrates the various drive motors 
that are used to provide automatic rotational and 
translational movement of the various system 
components and which are monitored and con- 25 
trolled by the control system PLC; 
Figure 13(c) illustrates the control element con- 
nected to the control system PLC that is used to 
monitor the vacuum pump seal water supplied to 
the main vacuum pump of Figure 13(d); 30 
Figure 13(d) illustrates the drive motor that is 
monitored and controlled by the control system 
PLC which supplies the main vacuum to the in- 
feed, outfeed and transfer star wheels; 
Figure 13(e) illustrates the control element con- 35 
nected to the control system PLC that is used to 
monitor the air pressure supplied to the system; 
Figure 14(a) is a view of the nozzle spray assem- 
bly shown inserted in a 1.5 liter bottle and dis- 
charging pressurized fluid therein. 40 
Figure 14(b) is a view of the spray nozzle assem- 
bly shown inserted in a 2.0 liter bottle and dis- 
charging pressurized fluid therein; 
Figure 15(a) is a cutaway view of the nozzle body 
taken along line 15a-15a of Figure 16; 45 
Figure 15(b) is a cutaway view of the nozzle body 
taken along line 15b-15b of Figure 16; 
Figure 15(c) is a cutaway view of the nozzle body 
taken along line 15c-15c of Figure 16; 
Figure 1 6 is an overhead view of the nozzle body 50 
showing the staggered locations of the discharge 
orifices of the spray nozzle assembly; 
Figure 17 is a view of the fluid jets impinging the 
base region of the bottle as taken along line 17- 
17 of Figure 14. 55 



PRB Washing and Sanitizing System 

The automatic Plastic Returnable Bottle (PRB) 
washing and sanitizing system utilizes relatively com- 
monplace bottle handling equipment such as convey- 
ors, worms, inverters, starwheels, etc. and two spe- 
cialized rotating horizontal carousel type wheels 
which hold the bottles in place for respective washing 
and sanitizing. 

As illustrated in Figure 1 , the wash carousel 10 is 
provided with a recirculating loop to sustain and main- 
tain temperature, detergent concentrations, liquid 
volumes, and filtering required to spray clean by im- 
pingement the external and internal surfaces of PR 
bottles. 

The sanitize carousel 20 duplicates operationally 
the wash carousel with the notable exceptions of the 
spray solutions, the ambient solutions temperatures, 
special recovery techniques, and the application of a 
different detergent solution. 

1 . Temperature. The recirculating wash cycle is 
automatically controlled and the control system 
maintains the temperature of the wash solution at 
approximately 140°F. Controls are analog to pro- 
vide for finite, precise and continual adjustment 
against losses incurred by water make-up, ambi- 
ent room temperatures, air movement, etc. 

2. Filtering. The recirculated wash solution is con- 
tinually filtered or strained to guard against clog- 
ging of the spray nozzles, and as will hereinafter 
be explained in detail, the filters may be cleaned 
without shutting the machine down. 

As the bottle is washed, the solution with attend- 
ant soils and debris collects by gravity in a circular 
ring type trough 36 immediately under the carousel 
as illustrated in Figure 1. This trough is fitted around 
the entire circumference of the wash carousel with a 
perforated sheet metal that permits water to pass 
through but captures larger solids and debris. The 
pitch of this sheet allows the debris to be continually 
flushed to a low point, easily accessible for manual re- 
moval. The water and some smaller solids drain from 
the trough into a collection/return tank similarly 
equipped with a perforated metal strainer but with 
smaller openings to entrap still more solids and de- 
bris. 

This return solution is now pumped back via a va- 
riable frequency drive pump to the wash surge and 
supply tank. Again, this tank has a perforated metal 
strainer that removes still smaller entrapped solids 
and debris and allows the solution to be returned 
back to the wash carousel via a supply pump and final 
filtering. Final filtering is accomplished by twin filters 
connected in parallel, sequentially staged, and fitted 
with automatic valving for switching from/to 
dirty/clean filters. 

All bottles are machine washed, inside and out si- 
multaneously, using the same cycle times and solu- 



6 



11 EPO 

tions. The bottles are also rotated between a plurality 
of stationary external spray nozzles as they are trans- 
ported by the carousel. The external spray header 
supplies fluid to a plurality of stationary mounted 
spray nozzles mounted around the bottles in the car- 
ousel which spray fluid onto the bottles* exterior sur- 
faces as the bottles are transported thereby by the 
carousel. 

The operation specifications of one designed 
embodiment of the washing machine are: 
Time - 20 seconds per carousel, a constant. 

Caustic Solution 

Concentration - variable (0-10%) 

Temperature - variable (ambient- 145°F) 

Pressure - variable (40-200psig) 

Flow rate - nozzle dependent, max 2.5USGPM 

Additives - variable 

Time - variable up to 15 seconds 

Disinfectant Solution 

Concentration - variable (0-1%) 
Temperature - ambient 
Pressure - variable (0-100psig) 
Flow Rate - nozzle dependent, max 
1.5USGPM) 

Additives - variable 

Time - variable up to 15 seconds 

Water Rinse 

Temperature - ambient 
Pressure - variable (0-100psig) 
Flow Rate - nozzle dependent, max 
2.5USGPM) 

Additives - variable 

Time - variable - balance of 1 5 seconds 
Nozzles - selected to suit bottle shape, flow 
rate, spray pattern 

Bottle Rotation - variable - clockwise/counter- 
clockwise (0-60 rpm) 

As shown in Figure 1, all of the wash solution col- 
lects in a separate drain trough 36 and gravity returns 
to a collection tank, from which the wash solution is 
pumped back to the wash surge/supply tank to com- 
plete the circuit 

Both the caustic wash solution and the neutraliz- 
ing solution are pumped through flow monitoring ele- 
ments, which as will be explained below, are very 
sensitive flow (pressure) measuring device for meas- 
uring small differences in flow rates. Should a spray 
nozzle or lance be plugged, the signal rate will be low- 
er and the suspect nozzle(s) is flagged and retained 
in PLC memory. That particular station or stations 
and more importantly, their corresponding bottles, 
are held in memory throughout the bottle flow se- 
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quence. Those bottles are then identifiable for sub- 
sequent inspection and rejection stations and may 
then be rejected as being of uncertain quality. 

As will be hereinafter discussed in detail, a recir- 

5 culating wash circuit of the wash carousel stands 
alone in its operation, and is essentially a loop where 
solution strength, filtering, levels and temperature 
are monitored, adjusted and maintained to operating 
specifications. The control strategy meets make-up 

10 conditions imposed by migration of solution by bottle 
carryover, evaporation and dilution. In addition, flows 
and pressures are continuously monitored for overall 
performance data, and assist in detecting component 
discrepancies: wear, erosion, leakage, etc. 

15 A separate diverter loop circuit maintains temper- 

ature and pressure while preventing overexposure of 
the spray contact time to the bottles should the car- 
ousel be in an idle or resting mode. 

20 Bottle Flow Sequence 

Referring to Figure 1, bottles enter a first wash 
carousel wheel 10 by an infeed conveyor 12, are in- 
verted by a worm/inverter 14, and then proceed 

25 through a starwheel infeed means 16 which grips 
each inverted bottle by a vacuum holder. While circu- 
lar carousels are illustrated in the drawings as one 
means of providing an endless loop, it should be not- 
ed that other endless loop configurations, such as 

30 those used for inline rinsers could also be used. The 
endless loop provides an extended duty wash cycle 
in a high speed conveyor, whereby bottles traveling 
at the preferred rate of 440 per minute or 24,000 bot- 
tles per hour, may be washed for an extended, i.e., 15 

35 to 20 second wash cycle. The extended duty cycle be- 
ing therefor a function of the length of the perimeter 
of the endless loop and the speed at which the bottles 
are supplied via the conveyor. 

To minimize scuffing and abrasion to external 

40 bottle surfaces, the several devices are designed to 
handle the bottles with minimum mechanical contact, 
and are equipped with suction cups, vacuum nozzles, 
air jets, etc. to affect bottle conveying. Once transfer- 
red to the first wash carousel 10 in a neck down pos- 

45 ition as illustrated in Figures 4, 5(a-e) and 6, a bottle 
is gripped around its neck ring by bottle holding ap- 
paratus 200 as described in greater detail below, and 
held in position throughout its traverse of the carou- 
sel. The neck ring gripper/rollers of bottle holder and 

so rotating assembly 200 are powered by drive motors, 
one of which is illustrated as 193 in Figure 4 and belts 
246 (Figures 4 and 11) that impart a controlled spin- 
ning action to the bottle, as will be hereinafter dis- 
cussed in greater detail. The controlled spinning or ro- 

55 tation is very effective for both washing and sanitizing 
as it provides for maximum coverage of solutions at 
minimum volumes to both the internal and external 
surfaces of the bottle. 
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Figure 3 illustrates the following timed cycles or 
sequences by appropriate arcs around the first wash 
carousel and the second rinse carousel. After a bottle 
is placed into the carousel, there is an initial 9.43 de- 
gree lead-in arc. As a bottle is conveyed through the 
next 245 degrees of the first wash carousel, it is 
sprayed both internally and externally by a hot alka- 
line solution that solubilizes and removes typical soils 
found in returned used beverage bottles. Alance with 
a spray nozzle at its tip. is inserted into each bottle 
during the first 9.43 degrees of the 245 degree arc. As 
will be described in detail below in view of Figures 6 
and 14, the internal spraying is by a specially de- 
signed spray nozzle assembly 300 mounted on a 
lance which is driven by a fluid driven piston. The 
lance has an exact and precise travel distance within 
the confines of the bottle envelope and is lowered or 
recalled by air pressure just prior to the bottle leaving 
each carousel. 

At the end of the 245 degrees conveyance (12 
sec), 38 degrees (2 sec) of travel are allocated for an 
air purge/evacuation of residual alkaline solution with- 
in the bottle. With the lance still extended, this air 
purge is followed immediately by a neutralizing, or 
slightly acidic rinse for a 26 degree duration, and then 
the lance is lowered during a 9.43 arc. This approach 
minimizes the time waiting for gravity drainage of sol- 
utions to provide for the recovery and reutilization of 
the solution. 

The bottle is then transferred by a transfer star- 
wheel 18 shown in Figure 1 to a second sanitizer car- 
ousel 20 which is substantially identical in size and 
number of stations to the first carousel, and differs 
only slightly in structure from the wash carousel be- 
cause of its different function. During conveyance by 
the second sanitizer carousel 20, the first 9.43° arc is 
allocated to bottle lead-in time, followed by a 198 de- 
gree arc allocated to the application of a sanitizing 
solution only to the interior of the bottle. The first 9.43 
degrees of the 198 degree arc is allocated for lance 
raise time. This is followed by a final or terminal rinse 
of treated water applied to both internal and external 
bottle surfaces for approximately 82.3 degrees, fol- 
lowed by a 9.43° lance lower arc. 

In both carousels a plurality of stationary exterior 
spray nozzles 31, as illustrated in Figure 4 are posi- 
tioned about the path traversed by the bottles as they 
are carried by the carousel from the bottle infeed 
starwheel to the bottle outfeed starwheel. The noz- 
zles 31 are supplied with a wash solution at the wash 
cycle portion of the fixed perimeter of the wash car- 
ousel, and a neutralizing solution during the neutral- 
izing portion of the fixed perimeter of the wash car- 
ousel. A sanitizing solution is provided during the sa- 
nitizing portion of the fixed perimeter of the sanitize 
carousel and a water rinse during the final rinse por- 
tion of the rinse carousel. It should be noted that the 
rotation of the bottles also enables thorough cleaning 



of the bottle exterior, even though nozzles 31 are 
fixed. 

In both carousels, at the end of each treatment, 
free clean air is applied to an external stationary 
5 (does not rotate with the carousel) spray nozzle posi- 
tioned above the bottoms of the inverted plastic re- 
turnable bottles to blow off any residual liquids in the 
concave bottoms of the inverted bottles to provide 
maximum recovery and minimum migration of clean- 
to ing and sanitizing fluids. In greater detail, one such 
stationary nozzle is positioned above the inverted 
bottles at the end of the wash cycle, one such station- 
ary nozzle is positioned above the inverted bottles at 
the end of the pH rinse cycle, one such stationary 
15 nozzle is positioned above the inverted bottles at the 
end of the sanitize cycle, and one such stationary 
nozzle is positioned above the inverted bottles at the 
end of the terminal rinse cycle. 

The bottles are then removed from the rinse car- 
20 ousel by an outfeed starwheel means 22 as shown in 
Figures 1 and 2, and transferred to an outgoing feed- 
screw 24 which again inverts the bottle again to its 
original neck up position, from which it is conveyed at 
26 as a cleaned and sanitized package to the product 
25 filler. 

During this whole process as will be described in 
detail below, a programmable logic controller (PLC) 
maintains, manages, and controls carousel, in- 
feed/ outfeed conveyors, and bottle rotation drive 

30 motor speeds based on feedback from the down- 
stream bottle filler. Additionally, the PLC monitors 
and controls pumps, valves, solenoids, motor star- 
ters, as required by the process and also provides for 
monitoring and adjustment of fluid levels, alkalini- 

35 ty/acidity concentrations, and temperature of the re- 
circulated wash solution. 

As illustrated in Figure 1 , a machine operator may 
view, from a centrally located intelligent operator in- 
terface 9, all of the present machine operating para- 

40 meters displayed on various alpha-numeric screens 
of the interface. Accordingly, any alarm conditions 
that may occur during the process and require some 
type of human interaction or intervention are dis- 
played, and will prompt for an operator acknowledge- 

45 ment. 

Some alarm conditions are out of range: flow, 
temperature, pressure, conductivity and/or pH, fluid 
level, and carousel rpm. Separate and specialized 
checks for clogged spray nozzles, lances out of pos- 

50 ition, fouled line strainers, etc may also be performed. 
Safety related items are shown as alarm conditions 
as well, for example, inspection doors 35 open, over- 
temp condition, exhaust fan not running, utilities pres- 
sures too low to start, lubrication required, etc. 

55 As illustrated generally in Figure 2, the wash car- 

ousel 1 0 and the sanitize carousel 20 both include a 
central rotary commutator 28, with fluid supply lines 
30 a,b each of which extends to a separate fluid sup- 
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ply annular manifold 32 extending around the inner 
circumference of the carousel annulus, one of which 
is also shown illustrated in Figure 4. A second com- 
mutator 28a is provided for the wash carousel to 
transfer the hot caustic wash solution from the infeed 
pipe 27 to the rotating supply line 30c. Expansion joint 
77 is provided to accommodate movement of the an- 
nular manifold 32 with respect to the carousel plat- 
form 36 and will allow the annular manifold to expand 
when heated as the pressurized high temperature 
caustic wash solution flows through a fluid supply line 
through the annular manifold 32 to the plurality of 
spray nozzles. 

As shown in Figure 4, a plurality of external spray 
nozzles 31 are mounted around the bottles to clean 
and sanitize the external surfaces thereof. In a pre- 
ferred embodiment, the external spray nozzles 31 are 
fixed and do not rotate with the carousel, and are 
mounted at selected positions around the rotating 
carousels where the external surfaces of the bottles 
are to be sprayed with a caustic wash or other treat- 
ment fluid. In greater detail, the external spray noz- 
zles are positioned along the travel arc of the wash 
cycle, along the travel arc of the pH rinse cycle, and 
can optionally be positioned along the travel arc of the 
sanitize cycle, and along the travel arc of the terminal 
rinse cycle. The stationary external spray nozzles 
have a separate fluid supply lines (not through annu- 
lar manifold 32) since they do not rotate with the car- 
ousel. 

Bottle Receiving Stations 

As illustrated by Figures 4, 5(a) - 5(e) and 6, (Fig- 
ures 4 and 5(a) are oriented 1 80° apart) each inverted 
bottle has a separate bottle receiving station which 
includes a manifold and valve block assembly 40 as- 
sociated therewith. Each separate manifold and valve 
block assembly 40 has a central lance 42, which is 
longitudinally slidable between a first fully withdrawn 
position below the bottom, illustrated in Figure 5(d), 
and a second fully extended position within the bottle, 
illustrated in detail in Figure 6 and shown schemati- 
cally by the position of a nozzle 44 at the upper end 
of the lance, shown within the bottle 15 in Figures 4- 
6. As will be explained in detail below, the spray noz- 
zle 44 is removably attached by threaded engage- 
ment to the top 46 of the lance 42 to allow cleaning or 
replacement of the spray nozzle. As will be explained 
below, different spray nozzles having different spray 
patterns may be provided for different plastic return- 
able bottles to match the different internal contours 
and sizes of the various plastic returnable bottles to 
be washed. 

During a first 9.43° arc of the carousel wash cycle 
time, as illustrated in Figure 3, the lance is fully ex- 
tended, driven by the fluid pressure of the fluid sup- 
plied to the nozzle, to position the nozzle properly 



within the bottle, and during a final 9.43° arc of car- 
ousel lead-out time, as illustrated in Figure 3, the 
lance is withdrawn from the bottle, driven downward- 
ly by air pressure to the position shown in Figure 5(d). 

5 As shown in Figures 5(d) and 6, the lance 42 in- 

cludes a central stem portion having a central fluid 
flow passageway 48 therein, and a lower drive piston 
50 fitted with one O-ring seal 52 and a Teflon® guide 
ring 51. The lance is initially driven to its fully extend- 

10 ed position by supplying fluid (alkaline wash solution 
in the wash carousel and sanitizing solution in the sa- 
nitizing carousel) under pressure from one of several 
valves 54 associated with each valve block assembly. 
The drive piston 50 travels within a stationary drive 

15 cylinder 56 within each valve block assembly by the 
fluid flowing through an appropriate actuated (open) 
valve 54 into a common annular flow passage or 
manifold 58 defined around the stationary drive cylin- 
der 56 to ingress orifices 60 near the bottom of the 

20 drive cylinder 56 to an open volume beneath the pis- 
ton defined by a lower resilient snubber 62. The pres- 
surized fluid drives the piston 50 from its lower posi- 
tion in which the bottom of the piston rests upon the 
top of the lower resilient snubber 62 as in Figure 5(d) 

25 to a fully extended top position in which the top of the 
piston is driven against the bottom of an upper resil- 
ient snubber 64 as shown in Figure 6. 

The lance is driven, at an appropriate time, down- 
wardly from its fully extended position to its fully re- 

30 tracted position by static air under pressure which 
passes through a top static air supply valve 54 
through ingress flow orifices 66 near the top of the 
drive cylinder 56 to the top of the piston 50, in its upper 
extended position, which drives the piston and lance 

35 downwardly, within the drive cylinder 56 until the pis- 
ton contacts the top of the lower resilient element 62, 
as illustrated in Figure 5(d). 

The drive cylinder includes at its lower end an 
outer O-ring seal 68, immediately below the ingress 

40 fluid flow passages 60, and terminates at an extern- 
ally threaded lower end 70. The lower end is sealed 
by a bottom end cap 72 which is internally threaded 
to engage the externally threaded end 70 of the cy- 
linder. The bottom resilient snubber 62 is secured in 

45 place between the inside of the threaded cap and the 
end of the cylinder, and includes an outer annular O- 
ring seal 74, and extends upwardly therefrom inside 
the drive cylinder to the ingress fluid flow passages 
60. The upper end thereof is shaped to allow fluid 

50 flowing through the ingress fluid flow passages 60 to 
contact the bottom end of the piston at the lower end 
of the lance to drive the lance upwardly and the fluid 
then flows through the central passage 48 in the 
lance to the spray nozzle. 

55 The annular fluid flow passage 58 in the manifold 

block is continued downwardly, as illustrated in Fig- 
ure 6, from the manifold block to the lower cap by a 
cylindrical extension 76 having an O-ring seal 78 at its 
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upper end to seal to the manifold block, and is sealed 
at its bottom by the O-ring seal 68 around the bottom 
of the cylinder 56. The cylindrical extension is held 
firmly in place by engaging the top of the bottom cap 
72. 

The upper end of the driving cylinder includes a 
larger diameter section 82, and the upper end of the 
driving cylinder is held in place by an upper cap ele- 
ment 84 joined to the manifold block by bolts 85. Atop 
sealing plug 86 is secured in place in the larger diam- 
eter section 82 beneath the upper cap member 84 
and carries two spaced inner O-ring seals 88 which 
seal against the outer cylindrical surface of the lance, 
and an outer O-ring seal 90 which seals against the 
inner surface of the driving cylinder 56. The top resil- 
ient snubber 64 is held in place beneath the top seal- 
ing plug 86 and includes a resilient lower surface, 
against which the upper surface of the driving piston 
is driven when the lance is extended. 

As illustrated particularly by Figures 5(d) and 6, 
the common supply manifold 58 also communicates 
by a flow passage 96 with an external spray manifold 
98 which supplies fluid to external spray nozzles 99 
which are mounted on and rotate with the carousel 
and spray fluid onto the exterior surfaces of the bottle 
at the top and neck ring. In some embodiments, the 
external spray nozzles 99 may not be required, and 
in these embodiments the flow passages to these 
nozzles may be blocked, or alternatively the external 
spray nozzles and flow conduits thereto may be elim- 
inated. 

The valves 54 of the valve block assembly are 
mounted in the manifold block adjacent to the drive 
cylinder, as shown specifically by Figures 5(a-e) and 
specified by Figures 7 and 8. 

As illustrated in Figures 4 and 5(a), the annular 
manifold 32 defines a plurality of inner annular supply 
manifolds 321, 322 and 323 which are secured to the 
outer perimeter of each carousel. They supply a plur- 
ality of fluids under pressure to the inlet of their asso- 
ciated supply valve 54a-54d. As shown by Figure 5(a), 
each supply manifold 321-323 communicates by a 
fluid flow passageway 92 extending from the supply 
manifold to the intake of an associated valve. 

Each valve 54 is actuated at appropriate times, 
as indicated by the timing charts illustrated by cam 
tracks 94 positioned around the outer periphery of 
each carousel. Figure 4 illustrates the simultaneous 
actuation of a static air valve 54 1 and a static dump 
valve 54 5 , (illustrated in Figure 5(e)), of a single bottle 
receiving station of the wash carousel 10. 

The construction of the wash carousel and the 
construction of the sanitizing or rinse carousel are 
substantially the same. In each carousel, the upper 
supply annulus 321 supplies static air under pressure, 
used to lower the lance near the end of a cycle of each 
carousel, to each static air supply valve 54, in the 
washer carousel 10 (Figure 5(e)) and 54 a in the sani- 



tizer carousel 20 (Figure 5(b)). The wash carousel in- 
cludes a fifth valve element 54 2 , shown in Figure 5(e), 
to supply purge air to the wash carousel during the air 
purge cycle to evacuate alkaline wash solution from 

5 the drive cylinder and its associated flow passages 
and also from the inside of the bottle. As illustrated 
by Figure 5(e), the arrangement of valves of a PRB 
station in the washer carousel 10 is slightly different 
from that in the sanitizer carousel 20. In the washer 

10 carousel 1 0, the second valve from the top 54 2 is the 
air purge supply valve, and the static air dump valve 
54 5 is now the fifth valve from the top. 

The lower annular supply manifold 323 supplies 
alkaline wash solution (NaOH) to valve 54 4 of the 

15 wash carousel during the major wash cycle, and in the 
sanitizer carousel supplies sanitizing solution (HN0 3 ) 
during the major sanitizing cycle. The middle supply 
annulus 322 supplies neutral izer rinse to valve 543 of 
the wash carousel during the PH rinse cycle, and in 

20 the rinse carousel supplies terminal rinse solution 
(soft water) during the terminal rinse cycle. 

The bottle receiving stations on the sanitizer car- 
ousel have four valves 54 a - 54 d associated therewith, 
as illustrated in Figures 4 and 5(b), with the top valve 

25 54 a supplying static air, the next lower valve 54 b being 
a static air dump valve, valves 54 a and 54 b are actu- 
ated simultaneously during a lance lowering opera- 
tion with valve 54 a supplying air through passages 66 
(Figure 6) to lower the lance and valve 54 b allowing 

30 air to be driven from the system when the lance is low- 
ered. The next lower valve 54 c supplies terminal rinse 
solution during the terminal rinse cycle, and the low- 
est valve 54 d supplies sanitizing solution during the 
sanitizing cycle. 

35 The construction of the manifold valve and block 

assembly as described hereinabove provides for the 
ready disassembly of each manifold valve and block 
assembly, to provide for inspection, cleaning and re- 
placement of the several components thereof. Each 

40 end cap 72 can be unscrewed to allow removal of the 
lower resilient snubber 62, and the cylindrical exten- 
sion 76. At the upper end, the bolts 85 can be re- 
moved, which allows removal of the cap 84, the upper 
seal plug 86, the upper snubber 64, and the lance 42. 

45 Figure 7 illustrates a sectional view through an 

exemplary three-way static air actuating valve as- 
sembly 110 in a closed position (no static air flow) 
which shows the path of air being vented through the 
three-way valve. The air vent path is provided to allow 

so air to be vented from above the drive piston when the 
lance 42 is being driven from its retracted position to 
its extended position. Figure 8 illustrates a sectional 
view through the valve 11 0 of Figure 7 in an open pos- 
ition which allows static air to flow through the valve, 

55 but closes off the vent path. 

The valve 110 includes a first housing member 
112 with external threads 114 which threadedly en- 
gage a threaded bore in the manifold housing. A hex 

10 
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head 1 16 is provided to screw (and unscrew) the valve 
110 relative to the manifold housing. A plurality of vent 
ports 117 are provided in the first housing member 
112 adjacent to the hex head 116 which extend be- 
tween the interior and exterior of the first housing 5 
member. 

A second housing member 118 includes a re- 
duced diameter right end 120 which is inserted into a 
cylindrical bore in the left end of the first housing 
member 112. An end cap 122 closes the left end of the 10 
valve assembly and includes outer threads 1 24 which 
engage corresponding threads in a bore at the left 
end of the second housing member 118. The end cap 
includes a recess 125 at its left end to enable the end 
cap to be screwed into and out of the second housing 15 
member 118. The valve assembly 110 is screwed (by 
threads 114 and hex head 116) into the manifold 
housing until the left end of the end cap 122 contacts 
the manifold housing, which holds ail of the compo- 
nents securely in position. 20 

The second housing member 118 includes an 
outer reduced diameter flow section 126 which com- 
municates with ports 128 communicating with the in- 
terior of the second housing member 118, and also 
communicates with an air flow passage 130 in the 25 
manifold housing. Two O-ring seals 131 extend 
around the circumference of the second housing 
member 11 8 to seat it relative to the manifold housing. 
The valve includes a ball actuator 132 movably 
mounted within the right end of the first housing mem- 30 
ber 112 which is actuated (pushed in) by one of the 
cam rails 94 from the position illustrated in Figure 7 
to the position illustrated in Figure 8. Upon actuation, 
the ball actuator 132 linearly displaces to the left a 
centrally mounted cylindrical actuator 134 movably 35 
mounted in a central bore in the second housing 
member 118. An external flange 136 is provided near 
the left end of the cylindrical actuator 1 34, and an O- 
ring seal 138 is positioned around the cylindrical ac- 
tuator 134 in an internal bore of the second housing 40 
member 118, providing a seal therebetween. The cyl- 
indrical actuator 134 is hollow and includes ports 140 
near its right end communicating with the interior of 
the first housing member. Acylindrical spring 142 ex- 
tends between the external flange 1 36 of the cylindri- 45 
cal actuator 1 34 and an annular lip 144 at the right end 
of the end cap 122, and biases the cylindrical actuator 
1 34 and the ball actuator 1 32 to the right, until the ball 
actuator 1 32 seats against a reduced diameter lip 146 
at the right end of the first housing member 112. so 

When the ball actuator 132 is displaced to the left 
by a cam rail 94, the cylindrical actuator 134 is dis- 
placed to the left until its left end, which forms a vent 
valve seat 147, is closed against a vent valve member 
148 of a centrally mounted valve stem assembly 150. 55 
The valve stem assembly 150 includes a main valve 
member 152, which in the closed position of the valve 
illustrated in Figure 7, is dosed against a main valve 



seat 154 formed on the end cap 122. A conical spring 
156 extends between an inner annular lip 158 formed 
in the end cap 122 and the left side of the vent valve 
member 152, and biases the valve stem assembly 
150 to the right, such that in the closed position of the 
valve illustrated in Figure 7, the vent valve member 
152 is closed against the vent valve seat 154. In this 
position, the main valve member 148 is open relative 
to the main valve seat 147. 

Accordingly, in the closed position of the valve 
110 illustrated in Figure 7 static air cannot flow (from 
the static air annular manifold) through an inlet port 
160 in the valve 110 past the main valve member 152 
which is closed against the main valve seat 1 54. How- 
ever, air can be vented from air flow passage 130, 
through reduced diameter flow section 126, ports 128 
into the interior of the second valve housing member 
118, through opened vent valve member 148 (opened 
relative to vent valve seat 147) into the interior of cyl- 
indrical actuator 134, through ports 140 into the inter- 
ior of the first valve housing member 112, and out to 
the atmosphere through ports 117. 

In arriving at the open position of the valve 110 il- 
lustrated in Figure 8, as the ball actuator 132 is dis- 
placed to the left by a cam rail 94, the ball actuator 
1 32 displaces the cylindrical actuator to the left, thus 
closing the vent valve seat 147 against the vent valve 
member 148, and then displacing the valve stem as- 
sembly 1 50 further to the left, opening the main valve 
member 1 52 relative to the main valve seat 1 54, to the 
position illustrated in Figure 8. In this position, static 
airflows (from the static air annular manifold) through 
inlet port 1 60 through opened main valve member 1 52 
to the interior of the second housing member 118, 
through ports 128, reduced diameter flow section 
126, and into the outlet port 130. The outlet port 130 
communicates with the inlet ports 66, Figure 4, to 
drive the lance 42 to its retracted position. 

Figures 7 and 8 illustrate the construction of a 
three-way valve which is used as the static air valve 
54 a of the sanitize carousel 20 and the static air valve 

54 1 of the wash carousel 10. The other valve mem- 
bers 54 b through 54 d of the sanitize carousel 20 and 

542 through 54, of the wash carousel 10 only require 
a two-way valve. The construction of each of the two- 
way valves is substantially identical to that of the 
three-way valves, except that the two-way valves do 
not have ports 117 in the first housing member 112 
and ports 140 in the cylindrical actuator 134. The ad- 
vantage of this arrangement is to allow all of the 
valves to have a substantially similar construction 
with many common parts. In the two-way valves, only 
the function of the main valve member 152 and main 
valve seat 154 is utilized, to allow or foreclose flow 
from the inlet port 160 to the outlet port 130. In the 
two-way valves, fluid from the outlet port 130 com- 
municates by flow passageways to the common an- 
nular manifold 58, Figure 6, then flows through the in- 
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let ports 60 to the central passage 48 of the lance 42, 
to drive the lance upwardly to its extended position, 
or if the lance is already in its extended position, to 
simply spray through the nozzle 44. 

Bottle Holder and Rotating Assembly 

Referring to Figures 9 and 10 there is shown a 
bottle holder and rotating assembly 200 that in the 
preferred embodiment may be fixedly or pivotly 
mounted to the top of support structure 213 which is 
part of a bottle receiving station for transporting the 
PR bottle for various types of processing in each car- 
ousel. In the preferred embodiment, the workpiece is 
a plastic bottle or container 15 shown in Figure 9 in 
an inverted position with the open ended neck 216 
facing downward. As will be explained below, the bot- 
tle holder 200 may be configured to accommodate 
containers in a variety of sizes and configurations. 

The bottle holding apparatus 200 includes a fixed 
support bracket 218 held to the top of support struc- 
ture 213 by fluid supply column 214, and a pivotabie 
support arm 230 both extending traversely from the 
support structure 213. Support bracket 21 8 is attach- 
ed to support structure 213 by any suitable attach- 
ment device such as bolts 221 shown as phantom 
lines in Figure 9. Rotatably mounted to support brack- 
et 218 are a pair of rota table engaging rollers 220a 
and 220b, both of which are shown in Figure 10. In the 
preferred embodiment, each rotatable engaging roller 
220a and 220b is a cylinder and is circumferentially 
configured atafirstend 223a with an indent or groove 
225a that is complementary to a surface of the bottle 
and particularly, its neck ring 222. For other applica- 
tions, the surface of each rotatable engaging roller 
may be configured differently to enable engagement 
with a bottle or workpiece having a different surface 
configuration. Rotatable engaging rollers 220a and 
220b may also be spaced at different distances to ac- 
commodate workpieces or bottles 15 of various 
widths and sizes. 

Configured at the other end 227a of each rotat- 
able engaging roller 220a, b is a groove 226a for en- 
gaging a drive belt 228. Drive belt 228 is a flexible rub- 
ber belt in the preferred embodiment and is con- 
formed around each roller 220a ,b to impart rotational 
motion to the same when driven by a drive means 245 
shown in Figures 4 and 11 and explained in detail be- 
low. 

Bottle holder and rotating apparatus 200 in- 
cludes a pivotabie support arm 230 having a rotatable 
engaging roller 220c mounted thereon. Support arm 
230 is located below support bracket 218 in the pre- 
ferred embodiment and, as illustrated in Figure 9, is 
separated therefrom by a biasing mechanism such as 
spring 232. Biasing mechanism 232 normally biases 
support arm 230 into an engaged position with the 
workpiece or bottle 15. PRB or bottle 15 is thus en- 



gaged at three points by rollers 220a,b and rotatable 
engaging roller 220c mounted on support arm 230. 
The bottle engaging position is indicated by the brok- 
en lines of support arm 230' shown in Figure 10. 

5 When the bottle holding apparatus 200 is opened by 
cam means 265 shown in Figure 12, support arm 230 
will be pivoted about shaft 237 in the direction indicat- 
ed by the arrow in Figure 1 0. When pivoted in this pos- 
ition, the support bracket 218 and support arm 230 

10 are angled apart to either permit positioning of the 
neck ring 222 of any bottle 15 between the grooves 
225a,b,c of each rotatable engaging roller 220a,b,c 
prior to engagement thereof, or to permit the release 
of the bottle 15 from the bottle holder 200. 

15 Rotatably mounted on support arm 230 is rotat- 

able engagement roller 220c which is also configured 
at an end 223c with an indent or groove 225c that is 
complimentary to and for engaging neck ring 222 of 
bottle 15. In the preferred embodiment, the grooves 

20 225a,b,c of rotatable engagable rollers 220a,b,c are 
horizontally coplanar to mate with neck ring 222 and 
to hold bottle 15 in an upright position (Figure 9). The 
rollers having indents or grooves 225a, b,c may also 
be disposed in an angled plane relative to fixed sup- 

25 port bracket 218. This configuration would permit 
holding and rotating of the bottle 15 in an inclined pos- 
ition. 

Configured at an edge of rotatable engaging roll- 
er 220c is groove 226c for engaging drive belt 228. In 

30 the preferred embodiment, rotatable roller 220c is 
also provided with a belt sprocket 235 which is driven 
by an elongated timing belt 245 which is mounted on 
sprockets 245, 248 and driven by an external drive 
motor 193 (see Figure 4) via a shaft 245(a). 

35 Figure 11 illustrates in detail the drive sprocket 

245 and belt 246 which provides rotational motion to 
rotatable sprocket 235 and bottle engaging roller 
220c. The drive sprocket 245 imparts rotational mo- 
tion to timing belt 246 shown configured around 

40 sprocket 248 and idler 249. As illustrated, the drive 
belt 246 is located about the peripheral portion of 
each carousel, and is carried to the configuration of 
the carousel by the plurality of engaging sprockets 
235 mounted on each of the bottle engaging stations. 

45 There are a plurality of drive motors 1 93, sprocket 245 
and drive belts 246 arranged around the circumfer- 
ence or perimeters of each of the carousels to provide 
rotational motion for the bottles mounted in each of 
the bottle receiving stations. 

50 Figure 12 shows a bottle 15 being transferred 

from infeed starwheel 16 to the openly biased bottle 
holder and rotating assembly 200. The cam means 
265 pivots the pivotal support arm 230 of the bottle 
holding and rotating assembly 200 to enable engage- 

55 ment of the bottle in the manner described above. As 
the bottle holding and rotating device travels in the di- 
rection shown by the arrow A in Figure 12, the timing 
belt 246 engages the sprocket 235 of each bottle en- 
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gaging roller 220c. The drive sprocket 245 is driven to 
provide rotation of the timing belt 246 and conse- 
quently, bottle engaging roller 220c. The rotational 
motion of engaging roller 220c is simultaneously im- 
parted to rotatable engaging rollers 220a and 220b 5 
due to flexible drive belt 228. When neck ring 222 of 
bottle 15 is engaged by grooves 225a, b and c the ki- 
netic friction caused by rotational motion of the rotat- 
able engaging rollers 220a, b,c will cause axial spin- 
ning of the bottle 15 in the opposite direction. In the 10 
preferred embodiment, the external drive motor 193 
will cause rotation of the bottle at a rate anywhere 
from 2 to 20 r.p.m., with 12 r.p.m. preferred. Addition- 
ally, in the preferred embodiment, an idler sprocket 
249 is included midway between drive motor 245 and 15 
sprocket 248 to ensure that the portion of the timing 
belt 246 not engaged with sprocket 235 of rotatable 
engaging roller 220c does not interfere with the move- 
ment of the timing belt 246. It should be understood 
that several drive means 245 are located about the 20 
periphery of each carousel so that bottle rotation may 
occur at a predetermined number of locations along 
its traversal about the carousel for as long a duration 
as required. 

As shown in Figure 13b and described in detail 25 
below, the operator may set or adjust the speeds of 
the various drive motors and variable frequency 
pumps. Figure 13b illustrates a bank of five rotation 
drive motors 193a - 193e, of preferably 0.5 MP each, 
which are parts of the drive means which drives the 30 
bottle spinning belts 246 for the wash carousel 10. 
Another bank of five rotation drive motors of 0.5 HP 
each 1 94a - 1 94e drive the bottle spinning belts in the 
sanitize carousel 20. 

As shown in Figure 10, support bracket 218 is 35 
provided with an impact absorbing mechanism 240 
that comprises a movable bottle engaging roller 220b 
that is mounted on a reciprocating follower 247. The 
follower 247 is biased outwardly by a spring 248 fixed 
at one end 239 to support bracket 21 8. This absorbing 40 
mechanism will allow horizontal translation of rotat- 
able engaging roller 220b and follower means 247 
when a bottle is received within the rollers and the 
pivot arm 230 is released by cam 265, thereby ena- 
bling engagement of the bottle neck ring 222 within 45 
grooves 225a, b,c. The spring 248 will be compressed 
and will provide a natural restoring force to return the 
follower means 247 and rotatable engaging roller 
220b to its natural position shown in Figure 10. Allow- 
ing translational movement of rotatable engaging roll- so 
er 220b in the direction of the arrow shown in Figure 
10 will minimize the forces applied to the neck 216 
and neck ring 222 of the bottle 15 either when the bot- 
tle or workpiece has a surface irregularity or protru- 
sion, or when the rotatable rollers 220a, b,c engage 55 
the bottle 15 after the support arm 230 is released 
back to its normal position. In essence, the impact ab- 
sorbing mechanism decrease the likelihood of stress 



crack failures in the bottle. 

In the preferred embodiment, the workpiece and 
bottle holding and rotating apparatus 200 are config- 
ured to hold and rotate a returnable and refillable 
polyethylene terephthalate plastic bottle of any size 
and volume as shown in Figures 5(a) - 5(d). Prefer- 
ably, a plurality of bottle holding and rotating appara- 
tuses are disposed about the circumferential portion 
of each carousel 10 and 20 of the rotary washer 
spraying system shown generally in Figure 1, al- 
though they may also be disposed in an in-line wash- 
er spraying system. 

Figure 12 also illustrates in greater detail infeed 
starwheel 16 and transfer starwheel 18 which are 
provided with a suction grip in each pocket 263. In op- 
eration, a plurality of inverted bottles 15 are gripped 
by grip pockets 263 of starwheel 16 that are rotating 
in the direction shown by the arrows in Figure 12, and 
are each successively transferred to a respective bot- 
tle receiving station and rotating assembly 200 locat- 
ed at the periphery of carousel 10. In the preferred 
embodiment, the high speed bottle washing machine 
can accomplish approximately 480 transfers per min- 
ute. To accomplish a transfer, support arm 230 is 
biased outwardly by external cam 265 to open the 
drive rollers to enable engagement with an appro- 
priately registered bottle 15 as described above. 
Once the bottle 15 is rotatably engaged by the bottle 
holder 200 in the manner described above, the bottle 
may be subject to various types of processing for e.g., 
internal and external washing, drying, or the like. 

As shown in Figure 12, after a complete traversal 
about wash carousel 10, the support arm 230 is 
biased by externally located cam means 265 at the 
appropriate moment open the rotatable bottle engag- 
er rollers and release bottle 15 into the grip pocket 
263 of rotating transfer starwheel 18 to convey the 
bottle 15 or inspection or further processing. 

Spray Nozzle Assembly 

Referring to Figure 14a there is shown the nozzle 
spray assembly 300 of the instant invention compris- 
ing a nozzle body 44 and fluid driven lance 42 that is 
disposed within an inverted 1.5 liter bottle 15. In the 
preferred embodiment, bottle 15 is a returnable/refil- 
lable blow-molded plastic bottle made of homopoly- 
mer polyethylene terephthalate or copolymers there- 
of. The bottle preferably may range in size from .5 lit- 
er to 2 liters as shown in Figures 5(a)-5(d), with 1 .5 
and 2.0 liter bottles depicted herein (see Figures 14a 
and 14b, respectively) for description purposes, but it 
is understood that any size of plastic or glass bottle 
may be cleaned. Nozzle body 44 is preferably cylin- 
drical shaped and is preferably formed of stainless 
steel because of its ability to withstand the detergents 
and chemicals present in the cleaning solution used 
in this environment 
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As shown in Figure 14a, jets of pressurized clean- 
ing fluid 280a-d are discharged in focused and pre- 
cise paths from the surface 283 of nozzle body 44 and 
directed at the internal surface of the base region 282 
of the 1.5 liter bottle 15. For clarity, Figure 14a shows 
all discharged sprays exiting at only one side of noz- 
zle body 44 but, as will be explained in detail below, 
the discharge orifices are arranged around the top of 
the nozzle and jets are also discharged from the other 
side of nozzle body 44 and directed at the other side 
of the base region 282. In the preferred embodiment, 
the cleaning fluid is an alkaline solution such as 
NaOH, but any type of cleaning or sanitizing fluid may 
be used in the nozzle spray assembly 300 of the in- 
stant invention. 

Figure 16 shows the top view of the surface 283 
of nozzle body 44 of the instant invention. As can be 
seen, there is a central orifice 314, a first pair of ori- 
fices 316a,b located along the broken line labelled 
15a, a second pair of orifices 318a,b located along 
the broken line 15b, and a third pair of orifices 319a,b 
located along the broken line 15c. The central orifice 
314 is located equidistant between each pair of orific- 
es 316a,b, 318a,b and 319a,b. Each consecutive or- 
ifice, e.g., 316b and 319a, is radially spaced n/3 radi- 
ans or 60° from the prior orifice as shown by the angle 
© in Figure 16. As can be seen, the locations of each 
consecutive orifice is staggered and not concentric 
relative to the central orifice 314. As viewed in Fig- 
ures 15,a, b and c, the surface 283 of nozzle body 44 
is conical in shape; the central orifice 314 being locat- 
ed at the apex of the surface 283. 

Figures 15a, b and c show detailed cut-away 
views of the nozzle body 44 taken along the corre- 
sponding lines 15a, b and c of Figure 16. Figure 15a 
shows the nozzle body 44 having a wide centralized 
bore 325 that is screw threaded for attachment to va- 
rious positioning devices such as the fluid driven 
lance 42 shown in Figure 14a. 

Two elongated microbores extend from the cen- 
tralized bore 325 to form the two orifices 316a, b tak- 
en along line 15a of Figure 16. A third elongated mi- 
cro bore extends from centralized bore 325 to form the 
orifice 314 of nozzle body 44. The elongated micro- 
bore 314 is common to all three views of nozzle body 
44 respectively illustrated in Figures 15a, b and c, and 
is shown central and vertically axial therein. 

Likewise, in Figure 15b, two elongated micro- 
bores extend from the centralized bore 325 to form 
the two orifices 318a, b located along line 15b of Fig- 
ure 16. In Figure 15c, two elongated microbores ex- 
tend from the centralized bore 325 to form the two or- 
ifices 319a, b located on line 15c of Figure 16. The mi- 
crobores and their corresponding orifices described 
hereinabove are specially designed to enable the dis- 
charge of very sharp and well focused fluid jets. In the 
preferred embodiment, each elongated bore and cor- 
responding orifice has a diameter of .4mm to .8mm 



with 0.6mm being preferred. Because of the elongat- 
ed nature of the microbores, they are machined by 
electron discharge machining. 

Additionally, in the preferred embodiment, the ra- 

5 tio of the length of each elongated microbore to the d I- 
ameter of each microbore ranges from about 20; 1 to 
28:1. Preferably, the length of each microbore is 
about 16.0 mm and the diameter of each microbore is 
approximately 0.65 mm resulting in a length to diam- 

10 eter ratio of approximately 25:1 . Ratios of microbore 
length to microbore diameter in this range ensures 
that the fluid dynamics of the jet is well aligned in each 
microbore prior to discharge and that the fluid jets ex- 
iting each orifice exit in sharp, well-focused paths. 

15 The cleaning fluid jets which exit each orifice will 
keep their shape throughout its trajectory and will im- 
pinge upon the inner bottle surfaces with essentially 
the same mean width and with little degradation in 
force from the time of discharge. This is essential for 

20 high-speed cleaning required of the automated wash- 
er spraying systems of the present invention. Too 
many orifices discharging an excessive amount of 
fluid will create excessive deflections at the inner bot- 
tle surfaces as they impinge upon each other thus in- 

25 creasing interference and disrupting effective clean- 
ing action. Furthermore, orifices having larger diam- 
eter will cause extraneous discharge that may inter- 
fere or collide with other fluid discharge paths, de- 
creasing the effectiveness of the mechanical cleans- 

30 ing. 

The microbores have been sized to provide ade- 
quate fluid delivery and impact at a operating pres- 
sure of 20 to 80 p.s.i. in the nozzle supply line while 
other pressures and microdiameters could be used, 

35 the foregoing range is commonly available, with the 
most prevalent operating pressure being 40 p.s.i. 

In Figure 15a, the elongated microbores forming 
orifices 316a and 316b are acutely angled relative to 
the microbore forming orifice 314. In the preferred 

40 embodiment, the angel 0 1 formed between elongated 
microbores 316a (316b) and central microbore 314 is 
approximately 7° (±10') as shown in Figure 15a. In 
Figure 15b, elongated microbores 318a and 318b are 
similarly acutely angled relative to the central micro- 

45 bore 314 with the angle 02 formed between the elon- 
gated microbores 318a(318b) and central microbore 
314 is approximately 11° (±10). Likewise, in Figure 
15c, the angle 03 formed between the elongated mi- 
crobores 31 9a (3 19b) and central microbore 314 is 

50 15° (±10'). It should be understood that slight varia- 
tions of the acute angles formed between the elongat- 
ed microbores and the central microbore may exist 
depending upon the size and configuration of the bot- 
tle 15. For instance, a nozzle body 44 for spraying the 

55 internal bottom surface of the 2.0 liter bottle 15 
shown in Figure 14b, would have elongated micro- 
bores forming acute angles of 0, = 6° ± (10 1 ), 02 - 9° 
± (10 1 ), and 03 = 14° ± (10*) relative to the central 
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elongated microbore 314. 

To maintain effective and maximum mechanical 
cleaning of the bottom interior surface 282 of the bot- 
tle, the locations and inter-relationship of the loca- 
tions of the orifices 314, 316a, b, 318a, b and 319a, 5 
b and the location of the nozzle body 44 within the 
bottle 15 are critical. 

The cleansing operation of the nozzle spray as- 
sembly will now be described with respect to Figure 
14a, where it can be seen that bottle 15 is held in an 10 
inverted position by the bottle holder and rotating as- 
sembly described above. The bottle holder and rotat- 
ing assembly 200 is configured so that the open neck 
portion 216 is unobstructed to permit easy insertion 
of the nozzle spray assembly 300. In the preferred 15 
embodiment, the nozzle spray assembly 300 is reg- 
istered for insertion into the inverted bottle 15 as the 
bottle 15 moves along a path of an automatic rotary 
or in-line bottle washing machine. Figure 14a shows 
generally the nozzle spray assembly 300 in position 20 
"A" directly below the open neck 33 of the inverted 
bottle 1 5 before the nozzle spray assembly is insert- 
ed. At the appropriate time during a washing cycle of 
the bottle washing machine, cleaning fluid under a 
pressure of 40 p.s.i. is caused to flow from a central 25 
commutator (not shown) to the nozzle spray assembly 
300 at position A shown in Figure 14a. The lance 42 
upon which the nozzle body 44 is connected, is fluid 
driven, and the pressurized cleaning fluid entering the 
lance 42 causes the lance 42 to travel a precise and 30 
predetermined distance within the body of the invert- 
ed bottle 1 5. Figure 14b shows the lance 42 connect- 
ed to a fluid supply line 17 for supplying the pressu- 
rized cleaning fluid at 40 p.s.i. and at a flow rate of 0.5 
liters per minute to the nozzle body 44 for discharge 35 
therein. The lance 42 is designed to travel a predeter- 
mined distance in the direction indicated by the arrow 
in Figure 14 to the position illustrated within the con- 
fines of bottle 15. 

Simultaneous with the insertion of the spray noz- 40 
zle assembly 300 within bottle 15, the bottle 15 is ro- 
tatably driven by the bottle holder and rotating assem- 
bly 200. In the preferred embodiment, the bottle 15 is 
caused to rotate in a counterclockwise direction at a 
rate of anywhere from 5-20 r.p.m. but preferably 10 45 
r.p.m. Spray jets 280a-d of cleaning fluid are then dis- 
charged from the nozzle body 15 at each orifice at a 
pressure of 40 p.s.i. The impinging spray jets 280a-d 
in combination with the rotation of the bottle 15, the 
amount of fluid flow through each nozzle, and the so 
pressure, results in an effective cleaning of the inner 
bottom surface 282. 

The staggered locations of points where four of 
the spray jets 280a-d impinge upon the bottom sur- 
face of the bottle is illustratively shown in Figure 17. 55 
As shown therein, the fluid spray jet 280a discharged 
from the central orifice 314 of the nozzle body 44 is 
directed to impinge the central base region 332 of the 



bottle 15. The fluid spray jet 280b is directed to im- 
pinge the upwardly sloping region 334 of the base 282 
adjacent to the central region 332 and acts to peel 
any soils thereon outwardly towards the annular base 
groove 336. As illustrated in Figure 17, the base re- 
gion 334 of the bottle is the sloping portion of a con- 
ically recessed base or champagne type base. The 
fluid spray jet 280c is directed to impinge the annular 
groove region 336 of the base 282. As Figure 17 illus- 
trates, annular groove region 336 corresponds to the 
annular seating ring where the recessed portion of 
the base meets the sem'hspherical sidewall 338. Fluid 
spray jet 280 d is directed to impinge the interior side- 
wall 338 of the base and acts to peel any soils thereon 
from the outside in. It is understood that the opposite 
side of the base 282 is also subject to fluid spray jets 
that emanate from the other orifices 316a, 318a and 
31 9a and that flu id is discharged simultaneously from 
each orifice of nozzle body 44. 

As previously mentioned, the rotation of bottle 
15, preferably in the counterclockwise direction 
shown in Figure 17, maximizes the mechanical 
cleansing of the inner surface 282 of the bottle be- 
cause impinging pressurized spray jets 280 a- d act to 
peel off layers of debris on the inner surface of the 
bottle as the bottle rotates. In addition, the staggered 
impingement locations enables maximum cleansing 
while minimizing interference caused by the deflec- 
tion of one spray jet of the bottle wall and into the path 
of another spray jet. For instance, as Figure 17 illus- 
trates, the fluid spray jet 280b impinging upon region 
334 of the base peels off debris in the direction indi- 
cated by the arrow and is deflected toward the base 
region 336 which is itself subject to spray jet 280c dis- 
charged from orifice 318b. However, thecircumferen- 
tially spaced apart relation of the impinging jets 280b 
and 280c as determined by discharge orifices 316b 
and 31 8b of nozzle body 44 is such that the deflection 
of fluid spray jet 280b and any peeled off debris will 
not appreciably interfere with the flow of fluid spray 
jet 280c. Likewise, the spray jet 280d impinging upon 
the inner surface of the interior sidewall 338 peels off 
debris in the direction indicated by the arrow and is 
again deflected toward the base region 336. The cir- 
cumferentiaily spaced apart relation of the impinging 
jets 280d and 280c as determined by discharge ori- 
fices 31 6b and 31 9a of nozzle body 44 is such that the 
deflections of fluid spray 280d and peeled off debris 
will not interfere with the flow of fluid jet 280c. The 
combined mechanical and chemical cleaning enables 
the cleansing of the bottle in 15 to 20 seconds, as op- 
posed to approximately 12 minutes in a conventional 
soak tank using the same chemical cleaning agent 

The spray nozzle assembly 300 is adaptable for 
spraying the internal surface of various sized bottles. 
To ensure the directional accuracy of the spray jets 
280a-d, while keeping the fluid pressure constant at 
40 p.s.i., a lance extender 41 may be connected be- 
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tween the spray nozzle 44 and the lance 42 as shown 
in Figure 14. 

Lance extenders 41 of different lengths may be con- 
nected depending upon the size of the bottle to be 
washed. For instance, to clean a 2.0 liter bottle a 
shorter lance supporting the nozzle body 44 is used 
to ensure that the spray jets 280a-d are directed to the 
same internal bottom surfaces 332, 334, 336 and 338 
as in the 1.5 liter bottle of Figure 14. 

The size of the lance extender 41 is determined 
by the size of the bottle. As shown in Figure 14, the 
distance Y from the nozzle body 44 to the bottom sur- 
face of the bottle is determined according to equation 
(D. 

Y = arctan*,. (X,) (1) 
where X] is the horizontal distance from the center 
bottom of the bottle to the point where one of the 
spray jets impinges the bottom surface of the bottle, 
or would impinge the bottom surface of the bottle but 
for the sidewall 338 or recessed portion of the bottom 
interior and <h is the angle formed between the central 
vertical axis of the bottle and the spray jet impinging 
upon the bottom surface of the bottle a distance X| 
from the bottom center. 

Control System 

The physical layout of the high-speed bottle 
washing machine is illustrated in Figures 13a - 13d 
which shows all the system piping and instrumenta- 
tion. As heretofore mentioned, the PRB is carried 
along the wash carousel 1 0 during the washing cycle. 
Wash solution fluid is pumped by fixed frequency 
pump 342 from a wash surge/supply tank 341 through 
one of two parallel mounted filters 343a, b, through a 
flow monitoring element 346, shell and tube heat ex- 
changer 348, temperature sensing element 345, 
overtemp switch 347, pressure element 349, and 
valves 339e, 339f, and 339g which provide for diver- 
sion of fluid flow when the wash carousel 10 is idling. 
As shown in Figure 13a, all of the enumerated system 
components are connected to the Programmable 
Logic Controller (PLC) 300 in a conventional manner 
for monitoring and controlling the system processes. 
To simplify the illustration, a common PLC symbol 
300 has been used throughout Figures 13a-e to de- 
note the connection from each device controlled by 
the PLC to the PLC. It is understood, however, that 
there is only a single PLC 300 for the control system. 
The fluid is supplied to the external bottle spray head- 
er and external nozzles 31 , and to the wash carousel 
rotary union 28a, wash solution supply annulus 321, 
and finally through a valve and manifold 40 to the 
lance and interior spray nozzles 44. In the preferred 
embodiment, wash surge/supply tank 341 has a 400 
gallon capacity, and contains a 3% NaOH alkaline 
solution. In the preferred embodiment, Divobrite®, a 
commercially available alkaline wash solution having 



3% NaOH and other wetting and suspension com- 
pounds, is used. Divobrite®, is available commercial- 
ly from Diversey Corporation, Wyandott, Michigan 
and has a pH of about 12.5. Additionally, the wash 

5 surge/supply tank 341 is provided with PLC connect- 
ed pH/conductivity sensor 398 and fluid level sensor 
337 for monitoring respectively, the pH and fluid level 
in the tank. In the preferred embodiment, all pH and 
conductivity sensors described are commercially 

10 available. Likewise, all fluid level sensors are com- 
mercially available. 

Temperature sensing element 345 is provided to 
ensure that the wash solution remains at a tempera- 
ture of 140 degrees that will accomplish maximum 

15 cleansing without causing damage to the PR bottle or 
premature shrinkage thereof. It should be noted that 
in the present invention the PRB bottles receive a 
spray cleaning of 15 to 20 seconds with the 140° 
NaOH, where as conventional processes soak the 

20 PRB in hot NaOH for 4 to 12 minutes. This provides 
a significant reduction in the heat induced shrinkage 
of the PRB. 

A pressure differential element 344 examines the 
pressure on the inlet side of the dual filter 343a, b and 

25 compares that with the pressure on the outlet side of 
that filter. If the difference is too great, the filter is as- 
sumed to be near saturation, and valves 339a and 
339b are simultaneously operated to shut off the first 
parallel filter 343a and to open valves 339c and 339d 

30 and the second parallel filter 343b, thus supplying a 
fresh filter without having to shut down the bottle 
washing operation. 

As the PR bottles are being washed in the wash 
carousel 1 0, the spent wash solution collection trough 

35 36 and is gravitated to and collected by wash solution 
return tank 350 for recirculation. From wash return 
tank 350, the spent wash solution is pumped back via 
variable frequency pump 352 to wash surge/supply 
tank 341 to complete the wash recirculation circuit. 

40 Wash solution return tank 350 is provided with a fluid 
level sensor 371 and pH sensor 335a both of which 
are connected to the PLC for monitoring respectively 
the level of the recovered wash solution and its pH 
concentration. Fluid levels controls are provided for 

45 all solution carrying tanks to provide maximum effi- 
ciencies and economies against overusing the re- 
spective solutions. 

As shown in Figure 13a, the neutralizing rinse cir- 
cuit for neutralizing the PR bottles after the wash 

50 treatment comprises a recirculated neutralizer 
surge/supply tank 351 for supplying a pH neutralizing 
solution to the wash carousel 10, a fluid pump 354 for 
pumping neutralizing solution from the rinse neutral- 
izer surge/supply tank 351 to the wash carousel 10, 

55 through filter 355, flow element 357 for monitoring the 
fluid flow rate, and pressure element 358 for monitor- 
ing the pressure of the neutralizing solution supplied 
to the internal spray nozzles 44 and external spray 
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nozzles 31. In the preferred embodiment, recirculated 
neutralizer surge/supply tank 351 has a 200 gallon 
capacity and contains an acidic solution. In the pre- 
ferred embodiment, Sentol®, a commercially avail- 
able acidic solution having a pH of about 2.5, is used. 
Sentol®, is also available commercially from Diver- 
sey Corporation, Wyandott, Michigan and is supplied 
to the neutralizer surge/supply tank 351 via flow valve 
339w. Additionally, the neutralizer tank 351 is provid- 
ed with a pH sensor 361 and a fluid level sensor 362 
for monitoring respectively, the pH concentration and 
the fluid level in the tank. As seen in Figure 13a, all 
of these system components are connected to the 
PLC in a conventional manner for monitoring the sys- 
tem processes. 

In the high speed bottle washing system, it is de- 
sirable that the bottles are neutralized by an acidic 
solution. The purpose of the neutralizing agent is to 
ameliorate the alkalinity of the bottle from the pro- 
ceeding wash cycle because the efficacy of the sani- 
tizer would be reduced if a bottle is transferred to the 
sanitizer carousel in a highly alkaline state. Hence, 
control of the pH concentration of the neutralizing sol- 
ution is necessary. 

As the PR bottles are being neutralized in the 
wash carousel 10, the spent neutralizing solution is 
gravitated to and collected by neutralizer collection 
tank 359. From neutralizer collection tank 359, the 
spent neutralizing solution is pumped back via vari- 
able frequency drive pump 360 to the reuse neutral- 
izer surge/sup ply tank 351. Neutralizer collection tank 
359 is provided with a fluid level sensor 372 and pH 
sensor 335b both connected to the PLC for monitoring 
respectively, the level of the recovered neutralize sol- 
ution and its pH concentration. 

The flow monitoring elements 346 and 357 in 
both the wash and neutralizing circuits are very sen- 
sitive flow measuring devices for measuring small dif- 
ferences in flow rates. In the preferred embodiment, 
all flow measuring devices are commercially avail- 
able. Should a nozzle in the wash carousel be plug- 
ged, the signal rate will be lower and the suspect noz- 
zle(s) will be flagged and the identity of the PRB sta- 
tion will be retained in PLC memory. That particular 
station or stations and more importantly, the location 
of the corresponding bottles, is retained in memory 
throughout the bottle flow sequence. Those bottles 
may then be rejected in subsequent bottle handling or 
inspection stations as being of uncertain quality. 

After washing and neutralizing, the PRB is trans- 
ferred to the sanitizing carousel 20 as previously de- 
scribed with respect to Figures 1 and 3. Sanitizing of 
the interior of the PR bottles is desirable for disinfect- 
ing the bottle before conveying the PR bottle for re- 
filling. As illustrated in Figure 13a, fresh sanitizing 
solution is pumped via pump 364 from a sanitizing 
solution supply tank 363 through a flow monitoring 
element 366, pressure measuring element 367 for 



monitoring the pressure of the sanitizing solution, and 
to the sanitize carousel rotary union, sanitizer supply 
annulus, and finally through a valve and manifold to 
the lance and interior spray nozzles. As mentioned 

5 above, each of the enumerated system components 
are connected to the PLC in a conventional manner 
for monitoring the system processes. Flow element 
366 is a very sensitive flow measuring device that de- 
tects small differences in flow rates. 

10 The sanitizing carousel 20 duplicates in some re- 

spects the operation of the wash carousel with differ- 
ent solutions, temperatures, and solution timings. In 
the preferred embodiment, fresh sanitizer 
surge/supply tank 363 has a 200 gallon capacity and 

15 contains a sanitizing solution comprising Dh/osan® 
which is supplied to it via adjustable valve 339s. Di- 
vosan® is a HN0 3 a solution containing iodine and is 
commercially available through and manufactured by 
Diversey Corporation, Wyandott, Michigan. Addition- 

20 ally, the fresh sanitizer surge/supply tank 363 is pro- 
vided with a PLC connected pH sensor 365 and a fluid 
level sensor 368 for respectively monitoring the pH 
concentration and the fluid level in the tank 363. 
After sanitizing the interior of each PR bottle, 

25 both the internal and external surfaces are subject to 
a terminal rinse of treated water to remove any resid- 
ual sanitizer from the preceding sanitizing step. As 
shown in Figure 13a, treated water at a pressure of 40 
psi is caused to flow through a series of valves 370 

30 at the sanitize carousel 20, where the internal and ex- 
ternal PRB surfaces are rinsed. All of the terminal 
rinse water (as well as spent sanitizer) in the sanitizer 
carousel collects in separate sanitize drain troughs 
34 and gravity returns it to a drain tank. Drain troughs 

35 34 are provided with pH sensor 335c for measuring 
the pH concentration of the spent sanitize solution. 

During the PR bottle flow sequence described 
hereinabove, the control system PLC maintains, 
manages, and controls each individual process e.g., 

40 carousel rotational speed, infeed/outfeed conveyors, 
bottle rotation drive motor speeds etc. Additionally, 
the control system PLC monitors and controls pumps, 
valves, solenoids and the starter motors required by 
the process. The control system PLC also provides 

45 for monitoring and adjusting fluid levels, alkalini- 
ty/acidity concentrations, and temperature of the 
wash solution. 

For example, the high speed bottle washing ma- 
chine will perform real time monitoring of the utility 

50 components include such as the air pressure system, 
the steam pressure system, and water pressure sys- 
tem. Particularly, a real time monitoring that the re- 
spective pressures are within their desired ranges will 
be performed. As shown in Figure 13e, pressure sen- 

55 sor element 383 connected to the control system PLC 
will monitor the plant air pressure that supplies the 
static air for retracting the fluid lance 42. In Figure 
13a, steam pressure sensor element 388 monitors 
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the steam pressure supplied to the system. In addi- 
tion, water pressure sensor 373 connected to the con- 
trol system PLC will monitor the pressure of the treat- 
ed water supplied to the system. Whenever any of 
these respective utility pressures are out of range, a 5 
stop condition exists and an alarm signal will be gen- 
erated and the diagnostics will stop. An operator at 
that point may take appropriate action to rectify any 
problems in the utility systems. 

Similarly, a real time monitoring of the system 10 
support components is also included. These system 
support checks the main vacuum, distributor and va- 
cuum seal water, and exhaust fans. As shown in Fig- 
ure 13d, main vacuum pump 377 which creates the 
main vacuum for the suction grips of starwheels 15 
16,18, and 22, is provided with a pressure sensor 374 
to monitor the main vacuum manifold. Similarly, as 
shown in Figure 13c, the flow sensor 375 will check 
that the vacuum pump seal water is supplied to the 
main vacuum pump 377. If these components are not 20 
operational as determined by the control system PLC, 
the diagnostics will stop and an appropriate message 
displayed for operator intervention. 

A safety systems monitor check is also per- 
formed. This diagnostic will check that the wash 25 
doors, one of which is shown as 35 in Figure 4, sani- 
tize r doors, and front deck doors are closed, secured, 
and in place. If these components are not present or 
secured, the diagnostics will stop and an appropriate 
message displayed for operator intervention. 30 

Note that all of the machine process variables, 
e.g. motor speeds, temperature, pressures, etc. may 
be set by the operator or preprogrammed into the con- 
trol system PLC. The process variable set points are 
the range limits for the processes to be controlled and 35 
monitored by the PLC in the system and in the prefer- 
red embodiment, absolute setpoint limits for each 
process is programmed in the PLC so that an operator 
may not set ranges above or below the setpoint limits. 

When desired, the operator may set or adjust the 40 
speed process variables. The speed process vari- 
ables are the speeds of the various drive motors and 
variable frequency pumps. In view of Figure 13b, mo- 
tor speed sensor elements 195 and 197 are hardwired 
to the PLC (not shown) to monitor the current operat- 45 
ing speeds or receive instructions from the operator 
to automatically change the speed of the respective 
motor banks of five rotation drive motors 1 93a - 1 93e 
which drive the bottle spinning belts for the wash car- 
ousel, and the bank of five rotation drive motors 1 94a so 
- 194e which drive the bottle spinning belts in the sa- 
nitize carousel. In other embodiments, the speed of 
each individual drive motor may be controlled sepa- 
rately to vary the rotational speed of the bottle during 
different fluid treatments. The speed setpoints for the ss 
30 HP primary drive motor 199 may also be program- 
med in the control system PLC. Motor speed sensor 
element 190 connected to the PLC, monitors the ro- 



tational speed of each wash and sanitize carousel. In 
the preferred embodiment, each carousel rotates at a 
speed of 2-4 rpm. Other speed process variables to 
be controlled and monitored by the PLC include the 
drive motor speeds 196, 198 for the infeed conveyor 
and outfeed conveyor. Preferably, these motors are 
0.5 HP each and are provided respectively with motor 
speed control elements 191, and 192. 

The speed of the variable frequency pumps 352 
and 360 of Figure 1 3a are also monitored by the PLC 
via respective connections to motor speed control 
sensors 378 and 379. It should be understood that if 
any of these drive motor or variable pump speeds fall 
above or below the programmed setpoints, the PLC 
will trigger an alarm and an appropriate message will 
be displayed. 

The next process variable setpoints to be pro- 
grammed for automatic control are the flow process 
variables. Figure 13a shows flow elements 346, 357 
and 366 are connected to the control system PLC to 
monitor the flow of solutions supplied to the wash and 
sanitize carousels. Flow element 366 monitors the 
flow of sanitizing solution to the sanitize carousel 20, 
and flow elements 346 and 357 respectively monitors 
the flow of wash solution and neutralizer to the wash 
carousel 10. When the system is running, the prefer- 
red flow rates for the sanitizer solution ranges from 
35.0 L/min. to 75.0 L/min. The preferred flow rate for 
the wash solution ranges from 250 L/m to 750 L/m 
and the flow rate for neutralizer solution ranges from 
25.0 L/min. to 40.0 L/min. If the flow rates of the re- 
spective solutions vary from the preset rates, an 
alarm condition will exist and a message will be dis- 
played to the operator. 

The setpoints for the level process variables may 
be programmed and these processes are continuous- 
ly monitored. As shown in Figure 1 3a, fluid level sen- 
sor elements 337, 362 and 368 provided in the sys- 
tem are respectively connected to the PLC to monitor 
the levels of the solutions in the wash, neutralizer, 
and sanitize tanks. Elements 371 and 372 monitor the 
solution levels with the recirculated wash solution re- 
turn tank 350 and neutralizer collection return tank 
359 respectively. When the solution levels in these 
tanks exceed or fall below acceptable limits, an alarm 
condition will exist and an appropriate message will 
be displayed for the operator. 

The temperature process variable setpoints may 
also be programmed for automatic control of these 
process variables. As shown in Figure 13a, tempera- 
ture element 345 is connected to the PLC and moni- 
tors the temperature of the wash solution supplied to 
wash carousel 10. If the temperature of the wash sol- 
ution varies from the nominal 140°F, the amount of 
the steam supplied to the heat exchanger 348 will be 
adjusted accordingly by valve 339L Over tempera- 
ture limit switch 347 is hardwired to the automatic 
safety shutoff valve 339k which will shut off the steam 
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and provide an alarm signal when the temperature of 
the wash solution exceeds 145°F. 

The pressure process variable setpoints may be 
adjusted next for continuous monitoring of these proc- 
ess variables. These setpoints regulate the pressure 
for each of the solutions supplied to the carousels as 
well as the steam pressure, air pressure and treated 
water pressure. As shown in Figure 13a, pressure 
transducer 349 is connected to the PLC and monitors 
the pressure of the wash solution supplied to the 
wash carousel. Likewise, pressure transducer 358 
monitors the pressure of neutralizing solution sup- 
plied to the wash carousel, and pressure transducer 
367 monitors the pressure of the sanitize solution 
supplied to the sanitize carousel 20. In the preferred 
embodiments, all solutions are programmed to flow 
under a pressure of 40 psi. As mentioned above, also 
connected to the PLC are pressure transducers 373, 
383, and 388 that monitor respectively the system wa- 
ter and air pressures supplied at 40 psi, and steam 
pressures supplied at 65 psi. If the current values of 
any of the monitored pressures are out of range, an 
alarm condition will exist and an appropriate message 
displayed. 

The analytical process variable setpoints may be 
adjusted next for continuous monitoring of these proc- 
ess variables. The pH/conductivity sensors 398, 361 , 
365 are each connected to the PLC as shown in Fig- 
ure 1 3a. The pH of the wash solution ranges from 
12.0 to 13.0 and its conductivity ranges from 0-5%. 
The pH of the neutralizing solution ranges from 2.0 to 
4.0. If the current measured pH value of any solution 
exceeds the programmed or nominal value the pH of 
that solution will accordingly be adjusted automatical- 
ly. The pH of the spent wash solution is monitored by 
pH sensor 335a and the pH of the spent neutralizer 
and sanitizer solutions are monitored by pH sensors 
335b and 335c. 

RUN MODE 

When the high speed bottle washing machine is 
running, many system operations are concurrently 
executed. These operations include enabling the 
dedicated motor drives and pumps, enabling the 
batch-fill routines, maintaining the proper fluid levels 
in the tanks and the proper pH/conductivity of the sol- 
utions, and to prove the contacts and starters. 

As shown in Figure 13a, the wash circuit startup 
includes enabling filter 343a and 343b and adjusting 
solution flow valves 339a * 33 9 i to enable flow of 
wash solution to the wash carousel 10, and enabling 
the flow of steam via pneumatically operated control 
valves 339k, 339L driven by current to pressure trans- 
ducer 339t to the heat exchanger 348. Row valve 
339m is also adjusted to provide a flow of the NaOH 
solution to the fill wash surge/supply tank 341 if the 
level of the tank is under 20% full. Flow valve 339j is 



also adjusted to provide a flow of treated water to the 
fill wash surge/supply tank 341. The valves 339n and 
3390 are adjusted to provide neutralize solution to the 
external and internal spray nozzles in the wash car- 
5 ousel. 

In the sanitize circuit, valves 339p - 339r enable 
the flow of sanitizing solution from the sanitizing sol- 
ution supply tank 363 to the lances and spray nozzles 
of the sanitize carousel 20. Flow valve 339s enables 

10 the flow of Divosan® to the sanitize supply tank. 

The wash startup routine also includes enabling 
the vacuum and conveyor motors and pumps. Main 
vacuum pump starter 378 shown in Figure 13d is ac- 
tuated as are the starters 393, 395, and 398 for the 

15 respective fluid pumps 342, 354, and 364. Also en- 
abled are the run infeed and run outfeed drive con- 
veyors. While in the run mode, the real time mainte- 
nance of the solution tank fill level and pH concentra- 
tions are provided by the PLC. 

20 To ensure the effectiveness of the high speed 

bottle washing machine, parallel checks are made to 
ensure that the PR bottles input to the infeed convey- 
or are synchronized with the discharge of bottles at 
the output conveyor. Furthermore, continuous checks 

25 are made to ensure that they both are in synchroni- 
zation with the rotation of the carousels and with the 
speed of the downstream bottle filler. In the preferred 
embodiment, the carousel speeds are controlled to 
produce cleaned and sanitized bottles to a down- 

30 stream filler at a rate of 440 bottles/min. Additionally, 
a check is made to ensure that the each lance and 
spray nozzle is synched for input to each PR bottle in- 
put. 

As mentioned above, the PLC of the high-speed 

35 bottle washing machine is programmed to perform a 
specialized check for determining when a spray noz- 
zle is clogged or when a spray lance carrying the 
spray nozzle has not been inserted in the PRB. The 
process implemented by the PLC tracks and retains 

40 in memory the number of any PRB station that con- 
tains a clogged spray nozzle, inoperable spray lance, 
or, has a bottle holder apparatus that doesn't rotate 
at the preferred rate of 10-12 r.p.m. The bottles car- 
ried by these tracked stations will be deemed as be- 

45 ing of uncertain quality and ultimately rejected by a 
suitable rejection device 21 located at the outfeed 
conveyor or at a bottle inspection station mounted 
downstream of the washer system. 

A master strobe signal and an associated counter 

so in the PLC are both reset before the first bottle is input 
to the wash carousel. A count which corresponds to 
the PRB station number is maintained by the counter. 
For instance, the bottle station receiving the first PR 
bottle is PR bottle station number one (1), and will be 

55 identified as such throughout the bottle's convey- 
ance. The first bottle is input to PRB station number 
one (1) is located at 301 as shown in Figure 1. The 
counter increments by one for each bottle input until 
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the first bottle input is discharged at the outfeed con- 
veyor. Although all bottles to be cleaned are input to 
the wash carousel at position one (1), a position num- 
ber is assigned for each position located about the 
periphery of the carousel. Therefore, when the sec- 5 
ond bottle is input at position one (1), the first bottle 
is located at position two (2). When the third PRB is 
input, the first bottle (PRB station one) is at carousel 
position three (3), the second bottle (PRB station 
two) is at carousel position two (2), etc. 10 

Each PRB station number also has assigned at- 
tribute registers resident in PLC memory, that stores 
information or data corresponding to the station attri- 
butes. In the preferred embodiment, bottle station at- 
tributes include data indicating whether the particular is 
bottle is rotating, whether the wash and sanitize 
spray lances are inserted in the inverted bottles, and 
whether the wash and sanitize spray nozzles have 
been clogged. These attributes indicate that the PR 
bottle carried by the station is of uncertain quality and 20 
should be discarded at the output In other embodi- 
ments, other types of attribute data may be assigned 
to the appropriate attribute registers. 

After each transition of the master strobe, all PR 
bottle station attribute checks are performed at each 25 
position along the wash and sanitize carousels, and 
the transfer star wheels. An identification of the par- 
ticular bottle station being checked is first identified. 
This is easily accomplished by the PLC which knows 
the current master strobe count (bottle number) and 30 
its position about the carousel. Then, at each identi- 
fied position, a check is made to ensure that each bot- 
tle is rotating at the corresponding PRB station. Ad- 
ditionally, checks are performed by appropriate mo- 
tion sensors or proximity sensors located at each car- 35 
ousel position to ensure that wash spray lances are 
fully extended or that the sanitizing spray lances are 
fully extended. If an attribute at a particular station is 
bad, e.g., spray lance not up, then the information will 
be sent to attribute registers associated with the iden- 40 
tified station in PLC memory. 

The checks for clogged spray nozzles for stations 
in the wash carousel and in the sanitizer carousel are 
likewise determined at each position in the following 
manner the normal flow rate for ten (10) spray noz- 45 
zles, as measured by analog flow sensors 346 and 
357, is 34.5 liters/min. in the preferred embodiment 
This amount corresponds to a predetermined binary 
number implemented as counts of an A/D converter 
which may be part of or con nected to the flow sensor. so 
In the preferred embodiment, a flow rate of 34.5 lit- 
ers/min. corresponds to 8300 counts of the A/D con- 
verter. Since each spray nozzle passes about 0.5 lit- 
ers/min., a flow rate of 10 lances with one clogged 
nozzle is 34 liters/min., or 7864 counts of the A/D con- 55 
verter. Therefore, to detect one or more plugged noz- 
zles, the flow rate will have to be at least 436 less than 
the previous value. 



The following example illustrates how a clogged 
nozzle is determined: each flow monitoring element 
measures flow rates for ten (10) lances at a time. If 
the flow rate for the first ten bottles input and con- 
veyed to PRB positions 1 - 10 is normal, i.e., 8300 
counts of the A/D converter, and the flow rate meas- 
ured when the 11th bottle input is 436 less than the 
previous count, then the spray nozzle at PRB station 
number 11 (at position 1) must be clogged because it 
was previously determined that bottle 1 through 10 
had no clogged nozzles. Consequently, data indicat- 
ing a clogged spray nozzle will be assigned to the at- 
tribute register corresponding to PRB station number 
11. The eleventh (11 th ) bottle will subsequently be 
discharged at the output. 

After the attribute checks are made, the master 
strobe is turned off and the next bottle is input to the 
next bottle station. Concurrently, the station number 
is incremented by 1 as is the pointer to the attribute 
registers in PLC memory. The master strobe is then 
initiated again and a check is made to determine if the 
last station has received a bottle, i.e., the last station 
number had been reached. If the last station number 
has not been reached, then the process is repeated 
PRB station attribute checks are made at all positions 
about the carousel until a new bottle is input to the 
next station. If the last station number was reached, 
then the first bottle input (station one) is ready for dis- 
charge at the egress star wheel and outfeed conveyor 
26. A check is then made to the attribute registers as- 
sociated with the bottle ready for discharge to deter- 
mine if any bad attributes exist If a bad attribute is 
found, then the bottle will be rejected by discharge 
means located in the output conveyor or at a subse- 
quent bottle inspection station mounted downstream 
of the washing system. If no bad attributes are found 
in the attribute registers associated with the bottle to 
be discharged, then the bottle may be conveyed 
downstream for product filling. Finally, the bottle 
count is incremented and the process repeats itself 
for as long as the machine is in the run mode. 

While the invention has been shown and descri- 
bed with respect to preferred embodiments thereof, it 
will be understood by those skilled in the art that the 
foregoing and other changes in form and details may 
be made therein without departing from the spirit and 
scope of the invention, which should be limited only 
by the scope of the appended claims. 



Claims 

1. A high speed bottle washing machine for sequen- 
tially washing bottles, said machine comprising: 
(a) a plurality of moving bottle receiving sta- 
tions, each of said stations having means for 
sequentially receiving and rotating inverted 
bottles received from a bottle infeed means 
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and discharging them at a bottle outfeed 
means, 

(b) a plurality of reciprocating spray nozzles, 
with at least one spray nozzle moving with 
each bottle receiving station, said spray noz- s 
zles reciprocating from a first position below 
said inverted bottles, to a second position 
within said bottles, 

(c) manifold means for sequentially supplying 

a caustic wash fluid under pressure to each of 10 
said plurality of spray nozzles to clean said 
bottles by impingement of said wash fluid in 
a predetermined pattern within the bottles as 
the bottles are rotated. 

15 

2. A high speed bottle washing machine as claimed 
in claim 1, said manifold means further compris- 
ing a plurality of valves for sequentially supplying 
at least said caustic wash fluid, and a second flu- 
id to said spray nozzles. 20 

3. A high speed bottle washing machine as claimed 
in claim 2, wherein said manifold further sequen- 
tially supplies a third fluid, with said second fluid 
being a acid neutralizing fluid. 25 

4. A high speed bottle washing machine as claimed 
in claim 2, wherein said manifold means further 
includes a plurality of cams which engage said 
valves as said stations are moved from the bottle 30 
infeed means to the bottle outfeed means. 

5. A high speed bottle washing machine as claimed 
in claim 1, wherein said spray nozzles include a 
plurality of orifices arranged in a predetermined 35 
staggered pattern to focus impinging jets of caus- 
tic wash solution against the interior of said bot- 
tles as they are rotated to physically remove and 
chemically dissolve any soils therein. 

40 

6. A high speed bottle washing machine as claimed 
in claim 2, wherein said spray nozzles include a 
plurality of orifices arranged in a predetermined 
staggered pattern to focus impinging jets of caus- 
tic wash solution against the interior of said bot- 45 
ties as they are rotated to physically remove and 
chemically dissolve any soils therein. 



7. A high speed bottle washing machine as claimed 
in claim 5, wherein said predetermined pattern of 
orifices staggers the impingement of adjacent 
jets as the bottles are rotated to avoid interfer- 
ence between adjacent jets. 

8. A high speed bottle washing machine as claimed 
in claim 7, wherein said orifices have a length to 
diameter ratio greater than 20 to 1 to provide fo- 
cused jets of fluid. 
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9. A high speed bottle washing machine as claimed 
in claim 8, wherein said orifices have a diameter 
of .4 to .8 mm. 

10. A high speed bottle washing machine as claimed 
in claim 7, wherein said predetermined pattern 
provides jets of wash solution that mechanically 
peel any soils within said bottle while simultane- 
ously chemically dissolving the same. 

11. A high speed bottle washing machine as claimed 
in claim 1, wherein said reciprocating spray noz- 
zles further include a fluid driven lance that is re- 
ciprocated from said first position to said second 
position by the fluid pressure of the caustic wash 
fluid within said manifold means. 

12. A high speed bottle washing machine as claimed 
in claim 2 or 5, wherein each of said reciprocating 
spray nozzles further include a fluid driven lance 
that is reciprocated from said first position to said 
second position by the fluid pressure of the caus- 
tic wash fluid within said manifold means. 

13. A high speed bottle washing machine as claimed 
in claim 12, wherein said fluid driven lance is re- 
tracted from said second position to said first 
position by the fluid pressure of a second fluid 
supplied to said manifold means. 

14. A high speed bottle washing machine as claimed 
in claim 1 , wherein said bottle receiving stations 
and said reciprocating spray nozzles are mount- 
ed on said manifold means. 

15. A high speed bottle washing machine as claimed 
in claim 1, where in said plurality of bottle receiv- 
ing stations are mounted in an endless loop be- 
tween said infeed means and said outfeed 
means. 

16. A high speed bottle washing machine as claimed 
in claim 2 or 5 or 1 1 , wherein said plurality of bot- 
tle receiving stations are mounted in an endless 
loop between said infeed means and said out- 
feed means. 

17. A high speed bottle washing machine as claimed 
in claim 15, wherein said endless loop is a circular 
carousel, and said plurality of stations are ar- 
ranged around the perimeter of said carousel. 

18. A high speed bottle washing machine as claimed 
in claim 1 7, where in said machine includes a first 
and a second carousel, each of which provides an 
endless loop for said stations and said bottles. 

19. A high speed bottle washing machine as claimed 
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in claim 2 or 5 or 11 or 17, wherein said bottle in- 
feed means is a rotating star wheel having a plur- 
ality of bottle receiving pockets defined around a 
perimeter thereof. 

20. A high speed bottle washing machine as claimed 
in claim 1, wherein said machine further includes 
a control means for automatic operation. 

21. A high speed bottle washing machine as claimed 
in claim 2 or 5 or 11 or 17 wherein said machine 
further includes a control means for automatic 
operation, said control means including cam 
means for controlling said manifold means and 



26. A high speed bottle washing machine as claimed 
in claim 2 or 5 or 11 or 17 or 20, wherein said bot- 
tle receiving stations further include a plurality of 
drive rollers which engage said inverted bottles 
at a neck portion thereof to support and rotate 
said bottles between the bottle infeed means 
and the bottle outfeed means. 



ition. 

28. A high speed bottle washing machine as claimed 
in claim 26, wherein said rollers are belt driven by 

5 an elastic belt which stretches as said pivoted 

support pivots from said closed position to said 
open position. 

29. A high speed bottle washing machine as claimed 
10 in claim 27, wherein a second of said rollers is re- 

siliently biased to said closed drive position to 
minimize any impact stress on said bottle neck 
portion. 

30. A high speed bottle washing machine for sequen- 
tially washing plastic returnable bottles, said ma- 
chine comprising: 

(a) an endless loop bottle carrier having a 
plurality of bottle receiving stations mounted 
thereon, said carrier having a bottle loading 
position and a bottle discharge position, 

(b) a first means mounted on each of said bot- 
tle receiving stations for rotating inverted bot- 
tles received at said bottle loading position as 
they traverse said endless loop to said bottle 
discharge position, 

(c) a plurality of moving spray nozzles, with 
each bottle receiving station having at least 
one spray nozzle associated therewith which 
travels with said station from said loading 
position to said discharge position, 

(d) a second means for inserting each of said 
plurality of spray nozzles into an associated 
inverted bottle after said bottle is received at 
said bottle loading position, 

(e) third means for providing a caustic wash 
fluid to each of said plurality of spray nozzles, 
whereby said bottles are cleaned by impinge- 
ment of said wash fluid within said bottles as 
they are rotated, 

whereby said bottle washing machine se- 
quentially receives and discharges bottles at a 
high rate of speed while providing an extended 
wash cycle as said bottles travel said loop be- 
tween said bottle loading position and said bottle 
discharge position. 

31. A high speed bottle washing machine as claimed 
in claim 30, wherein said each bottle receiving 

so station has said first means and a single spray 

nozzle mounted thereon for travel with a bottle. 

32. A high speed bottle washing machine as claimed 
in claim 31, wherein said third means further in- 
cludes a manifold means, 
said manifold means also having said second 
means mounted therein as a fluid driven piston. 



27. A high speed bottle washing machine as claimed 55 
in claim 26, wherein one of said drive rollers is 
mounted on a pivoted support to pivot between 
an open loading position and a closed drive pos- 



the reciprocation of said reciprocating spray noz- is 
zles, and electronic control means for controlling 
the speed of movement of said moving stations 
and the fluid pressure of the wash fluid supplied 
to said manifold means. 

20 

22. A high speed bottle washing machine as claimed 
in claim 21, in which said electronic control 
means is a programmable logic controller. 

23. A high speed bottle washing machine as claimed 25 
in claim 21, wherein said machine includes 
means for recovering said wash fluid for continu- 
ous use, and said electronic control means in- 
cludes means for adjusting the ph of said wash 
fluid. 30 

24. A high speed bottle washing machine as claimed 
in claim 21, wherein said machine further in- 
cludes means for adjusting the temperature and 
pressure of said wash fluid, and said temperature 35 
and pressure are automatically regulated by said 
control means. 

25. A high speed bottle washing machine as claimed 
in claim 1, wherein said bottle receiving stations 40 
further include a plurality of drive rollers which 
engage said inverted bottles at a neck portion 
thereof to support and rotate said bottles be- 
tween the bottle infeed means and the bottle out- 
feed means. 45 
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33. A high speed bottle washing machine as claimed 
in claim 32, wherein said fluid driven piston reci- 
procates said spray nozzle from a retracted pos- 
ition below said bottle to an inserted position 
within said bottle in response to the fluid pressure 
of said caustic wash fluid. 

34. A high speed bottle washing machine as claimed 
in claim 30, wherein said third means further in- 
cludes a manifold means for supplying a plurality 
of fluids that are selectively and sequentially sup- 
plied to said spray nozzle. 

35. A high speed bottle washing machine as claimed 
in claim 30, wherein said machine further com- 
prises a control means for automatic operation. 

36. A high speed bottle washing machine as claimed 
in claim 34, wherein said machine further in- 
cludes a control means for automatic operation, 
said control means including cam means for se- 
lectively supplying said fluids to said spray noz- 
zles, and electronic means for controlling the 
speed of movement of said moving stations and 
the fluid pressure of the wash solution supplied 
to said manifold means. 

37. A high speed bottle washing machine as claimed 
in claim 30, wherein said endless loop further 
comprises a circular carousel, with said bottle re- 
ceiving stations mounted around the perimeter of 
the carousel. 



in claim 41, wherein said manifold further se- 
quentially supplies a third fluid, with said second 
fluid being a acid neutralizing fluid. 

5 43. A high speed bottle washing machine as claimed 
in claim 41, wherein said machine further in- 
cludes a plurality of cams which engage said 
valves as said stations are moved from the bottle 
loading position to the bottle discharge position. 

10 

44. A high speed bottle washing machine as claimed 
in claim 30 or 32 or 34 or 35 or 37, wherein said 
spray nozzles include a plurality of orifices ar- 
ranged in a predetermined staggered pattern to 
15 focus impinging jets of caustic wash solution 

against the interior of said bottles as they are ro- 
tated to physically remove and chemically dis- 
solve any soils therein. 

20 45. A high speed bottle washing machine as claimed 
in claim 34, wherein said spray nozzles include a 
plurality of orifices arranged in a predetermined 
staggered pattern to focus impinging jets of caus- 
tic wash solution against the interior of said bot- 

25 ties as they are rotated to physically remove and 

chemically dissolve any soils therein. 

46. A high speed bottle washing machine as claimed 
in claim 45, wherein said predetermined pattern 
30 of orifices staggers the impingement of adjacent 

jets as the bottles are rotated to avoid interfer- 
ence between adjacent jets. 



38. A high speed bottle washing machine as claimed 

in claim 32 or 34 or 35 or 36, wherein said endless 35 
loop further comprises a circular carousel, with 
said bottle receiving stations mounted around the 
perimeter of the carousel. 

39. A high speed bottle washing machine as claimed 40 
in claim 38, where in said machine includes a first 

and a second carousel, each of which provides an 
endless loop for said stations and said bottles. 

40. A high speed bottle washing machine as claimed 45 
in claim 38, wherein said machine further in- 
cludes a bottle irrfeed starwheel at said bottle 
loading position, said starwheel having a plurality 

of bottle receiving pockets defined around a peri- 
meter thereof. so 

41. A high speed bottle washing machine as claimed 
in claim 34, said manifold means further compris- 
ing a plurality of valves for sequentially supplying 

at least said caustic wash fluid, and a second flu- 55 
id to said spray nozzles. 

42. A high speed bottle washing machine as claimed 



47. A high speed bottle washing machine as claimed 
in claim 46, wherein said orifices have a length 
to diameter ratio greater than 20 to 1 to provide 
focused jets of fluid. 

48. A high speed bottle washing machine as claimed 
in claim 47, wherein said orifices have a diameter 
of .4 to .8 mm. 

49. A high speed bottle washing machine as claimed 
in claim 46, wherein said predetermined pattern 
provides jets of wash solution that mechanically 
peel any soils within said bottle while simultane- 
ously chemically dissolving the same. 

50. A high speed bottle washing machine as claimed 
in claim 44 wherein said predetermined spray 
pattern has at least three impinging jets which 
discharge from said nozzle at angles <fr ranging 
from 6° to 16° relative to a vertical axis of said 
bottle to impinge the internal bottom surface of 
said bottle when positioned at a predetermined 
distance Y from the bottom of said bottle, where- 
in Y = arctan <(>, • QQ; wherein ^ is a horizontal dis- 
tance measured from the center of said bottom to 
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a point where one of said jets impinges said in- 
ternal bottom surface. 

51. A high speed bottle washing machine as claimed 

in claim 36, in which said electronic control 5 
means is a programmable logic controller. 

52. A high speed bottle washing machine as claimed 
in claim 51, wherein said machine includes 
means for recovering said wash fluid for continu- 10 
ous use, and said electronic control means in- 
cludes means for adjusting the ph of said wash 
fluid. 

53. A high speed bottle washing machine as claimed is 
in claim 52, wherein said machine further in- 
cludes means for adjusting the temperature and 
pressure of said wash fluid, and said temperature 

and pressure are automatically regulated by said 
control means. 20 



nozzle system comprising: 

a nozzle body having a plurality of dis- 
charge orifices located in a predetermined 
spaced apart pattern on a surface thereof and a 
centralized bore for receiving pressurized fluid; 

a plurality of elongated micro bores for con- 
necting each respective orifice to said central- 
ized bore for discharge of pressurized fluid there- 
through; 

means for positioning said nozzle body 
within said inverted bottle; 

wherein cleaning fluid under pressure is 
discharged in paths determined by said spaced 
apart pattern discharge orifices toward said in- 
ternal bottom surface and impinging upon said 
internal bottom surface in said spaced apart pat- 
tern such that when said bottle is rotated about 
its vertical axis, a mechanical peeling of residue 
from said internal bottom surface of said bottle is 
accomplished. 
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54. A high speed bottle washing machine as claimed 
in claim 30, wherein said bottle receiving stations 
further include a plurality of drive rollers which 
engage said inverted bottles at a neck portion 25 
thereof to support and rotate said bottles be- 
tween the bottle loading position and the bottle 
discharge position. 

55. A high speed bottle washing machine as claimed 30 
in claim 32 or 34 or 35 or 37 or 45, wherein said 

first means further includes a plurality of drive 
rollers which engage said inverted bottles at a 
neck portion thereof to support and rotate said 
bottles between the bottle infeed means and the 35 
bottle outfeed means. 

56. A high speed bottle washing machine as claimed 
in claim 55, wherein one of said drive rollers is 
mounted on a pivoted support to pivot between 40 
an open loading position and a closed drive pos- 
ition. 

57. A high speed bottle washing machine as claimed 

in claim 56, wherein said rollers are belt driven by 45 
an elastic belt which stretches as said pivoted 
support pivots from said closed position to said 
open position. 

58. A high speed bottle washing machine as claimed 50 
in claim 57, wherein a second of said rollers is re- 
siliently biased to said closed drive position to 
minimize any impact stress on said bottle neck 
portion. 

55 

59. A nozzle and orifice assembly for cleaning an in- 
ternal bottom surface of an inverted bottle, said 
bottle being rotatable about a vertical axis, said 



60. A nozzle assembly according to Claim 59 having 
a predetermined spray pattern of at least three 
impinging jets which discharge from said nozzle 
at angles a s ranging from 6° to 16° relative to a 
vertical axis of said bottle to impinge the internal 
bottom surface of said bottle when positioned at 
a predetermined distance Y from the bottom of 
said bottle, wherein Y = arctan 0 1 V (X0; wherein 
X 1 is a horizontal distance measured from the 
center of said bottom to a point where one of said 
jets impinges said internal bottom surface. 

61 . A nozzle assembly according to Claim 60 wherein 
said positioning means includes means for vary- 
ing the distance of said nozzle body within said 
bottle depending upon the size of said bottle to 
be cleaned. 

62. A nozzle assembly according to Claim 59 wherein 
one of said plurality of elongated microbores and 
corresponding discharge orifice is substantially 
vertical and central within said nozzle body. 

63. A nozzle assembly according to Claim 62 wherein 
each of the other of said plurality of discharge or- 
ifices and corresponding elongated microbores 
is spaced apart at a respective acute angle rela- 
tive to said substantially vertical and central elon- 
gated microbore. 

64. A nozzle assembly according to Claim 63 wherein 
said other of said plurality of discharge orifices on 
said nozzle body surface is radially spaced apart 
from each other at an angle of substantially rc/3 
radians. 

65. A nozzle assembly according to Claim 64 wherein 
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a first pair of said other of said plurality of said 
elongated microbores means is disposed at an 
angle of substantially 1 5° ± 1 ° relative to said cen- 
tral vertical elongated microbore of a second pair 
of said other of said plurality of elongated micro- s 
bores is disposed at an angle of substantially 11° 
±1° relative to said central vertical elongated mi- 
crobore, and a third pair of said other of said plur- 
ality of elongated microbores is disposed at an 
angle of substantially 7° ± 1 ° relative to said cen- 10 
tral vertical elongated microbore, wherein each 
discharge orifice of a respective pair is radially 
displaced apart from each other on said nozzle 
body surface at an angle of substantially n radi- 
ans. 15 

66. A nozzle assembly according to Claim 65 wherein 
fluid discharged from said first pair of said other 
of said plurality of said discharge orifices mech- 
anically impinges upon a first annular region of 20 
said internal bottom surface of said bottle and in 
combination with rotation of said bottle, mechan- 
ically peels off debris from said first annular re- 
gion of said internal bottom surface. 

25 

67. A nozzle assembly according to Claim 66 wherein 
cleaning fluid discharged from said third pair of 
said other of said plurality of said discharge ori- 
fices mechanically impinges upon a second an- 
nular region of said internal bottom surface of 30 
said bottle and in combination with rotation of 
said bottle, mechanically peels off debris from 

said second annular region of said internal bot- 
tom surface. 

35 

68. A nozzle assembly according to Claim 67 wherein 
said cleaning fluid discharged from said second 
pair of said other of said plurality of said dis- 
charge orifices means mechanically impinges 
upon a region adjacent said first and second re- 40 
gions of said internal bottom surface of said bot- 
tle. 

69. A nozzle assembly according to Claim 59 wherein 

said cleaning fluid is discharged from said plural- 45 
ity of discharge orifices at a pressure of 40 p.s.i. 

70. A nozzle assembly according to Claim 69 wherein 
said cleaning fluid discharged from each of said 
plurality if discharge orifices is deflected after 50 
mechanical impingement with respective regions 

of said internal bottom surface of said bottle, and 
further characterized in that said cleaning fluid 
deflections do not interfere with an adjacent 
cleaning fluid discharge path. 55 

71 . A nozzle assembly according to Claim 59 wherein 
said bottle rotates at a rate of substantially 10 



r.p.m. 

72. A nozzle assembly according to Claim 59 wherein 
said bottle is a returnable blow-molded polyethy- 
lene terephthalate beverage container. 

73. A nozzle assembly according to Claim 60 wherein 
said positioning means is a fluid driven piston that 
is responsive to the pressure of said cleaning flu- 
id supplied thereto. 

74. A nozzle assembly according to Claim 59 wherein 
said plurality of elongated microbores each have 
a diameter of 0.6 mm. 

75. A nozzle assembly according to Claim 60 wherein 
said centralized bore of nozzle body is connected 
to and detachable from said positioning means. 

76. A nozzle assembly according to Claim 61 wherein 
said means for varying the position of said nozzle 
body is a tubular spacer element 

77. A nozzle assembly according to Claim 62 wherein 
said surface of said nozzle body is conical and 
said discharge orifices corresponding to said 
substantially vertical and central elongated mi- 
crobores is located at the apex of said conical 
surface. 

78. A nozzle assembly according to Claim 60 wherein 
said positioning means further includes means 
for removing said nozzle body from said bottle. 

79. A nozzle assembly according to Claim 62 wherein 
said cleaning fluid discharged from said central 
and vertical discharge orifice mechanically im- 
pinges upon a central region of said internal bot- 
tom surface. 

80. An apparatus for holding and rotating a work- 
piece comprising: 

(a) first and second rotatable engaging means 
rotatably mounted on a first support means in 
a spaced relationship, each of said first and 
second rotatable engaging means having a 
circumferential surface profile complimentary 
to a profile of a workpiece to be rotated; 

(b) a third rotatable engaging means rotatably 
mounted on a second support means, said 
third engaging means having a circumferen- 
tial surface complimentary to said circumfer- 
ential surface of said workpiece to enable 
gripping of the same; and 

(c) means for biasing said second support 
means toward said first support means to en- 
able said first, second and third rotatable en- 
gaging means to grip said workpiece posh 
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tioned therebetween; and 
(d) a drive means for simultaneously rotating 
said first, second and third rotatable engaging 
means and imparting simultaneous axial rota- 
tion to said workpiece gripped thereby. 5 

81. An apparatus for holding a bottle comprising: 

(a) first and second rotatable engaging means 
each rotatably mounted on a first support 
means and each having an annular groove for 10 
engaging a circumferential neck ring surface 

of said bottle to be rotated; 

(b) third rotatable engaging means rotatably 
mounted on a second support means and 
having an annular groove for engaging said is 
circumferential neck ring surface of said bot- 
tle to be rotated; 

(c) means for biasing said second support 
means toward said first support means to en- 
able said annular grooves of first, second and 20 
third rotatable engaging means to engage 
said neck ring portion of said bottle positioned 
therebetween; 

(d) driving means for simultaneously rotating 

said first, second and third rotatable engaging 25 
means to enable simultaneous axial rotation 
of said bottle engaged thereby. 

82. A manifold and valve block assembly, compris- 
ing: 30 

(a) a valve block housing; 

(b) a drive cylinder mounted in said valve 
block housing; 

(c) a lance longitudinally movably positioned 
within said drive cylinder, said lance having a 35 
central fluid flow passageway, and also hav- 
ing a spray nozzle on a first upper end thereof, 

said lance having a retracted position in which 
the lance is positioned retracted within said 
drive cylinder and a fully extended position in ao 
which the fully extended lance positions said 
spray nozzle for spray impingement of a fluid 
through said nozzle; and 

(d) a plurality of valves mounted in said valve 
block housing for supplying a plurality of spray 45 
fluids to a common manifold which provides a 
fluid passage to said central fluid flow passa- 
geway of the lance for fluids to be sequentially 
sprayed through the nozzle. 
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